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ABSTRACT 
The present thesis is based on the research work carried out by the 
author since February 1984. All the work has been done in India, mainly at 
Aligarh. The contents of the thesis fall under five categories: 
Seasonal fluctuations : 
There was high population build-up of plant parasitic nematodes on 
lemon grass and pomegranate from February to May and again in September. 
There was a definite correlation between nematode population and soil 
moisture. The nematode populations were more at higher soil moisture levels 
whereas it declined during dry periods. High as well as low temperature also 
had adverse effect on nematode population. 
Some other important plants, viz. Citrus, mango, guava, Zizyphus, 
jambolan, grapes and Indian gooseberry were also selected for the observation 
of nematode population changes for one year. The soil samples were taken at 
10, 20 and 30cm depths. The soil moisture, soil temperature and pH value were 
taken. By and large, the nematode population was higher in the upper 10 cm 
soil layer. Based on the high rate of nematode multiplication, jujube and orange 
can be rated as good hosts, jambolan as moderate host for Hoplolaimus indicus, 
jujube and orange as poor hosts for Helicotylenchus indicus, orange as good 
host for Tylenchorhynchus brassicae, jambolan and orange as poor hosts for 
Tylenchus fdiformis. 
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Plant reaction, cropping sequences and interculture of crops : 
Nine species of Amaranthus were screened against M. incognita and R. 
reniformis. Only one species showed highly resistant and one resistant reaction 
to M incognita. 
Results of the experiments with 25 different cropping sequences of 
vegetables, cereals, fodder crops and oil crops etc. indicate that growing 
susceptible crops consequently increase the population of plant parasitic 
nematodes to noxious levels. Fallowing and growing mustard and some other 
plants caused substantial reduction in the population density of nematodes in 
most of the situations. However, no individual crop sequence was found to be 
equally effective against all nematodes present in the soil. Nematode 
population was less in deep ploughed (40 cm deep) plots than the normal 
ploughed (20 cm deep) plots both in host and non-host crops. In another 
experiment, different cropping sequences in four fields, the population of 
Heterodera zeae increased during maize cultivation. Besides fallow, highest 
decrease in the number of cysts was observed in wheat, Egyptian clover, 
mustard, barley, pigeon pea and maize. Reaction of crops varies from nematode 
to nematode. 
Interculture of Zinnia with tomato; neem, Azadirachta indica with 
tomato, eggplant, cabbage and cauliflower; and marigold/Tagetes spp. viz., 
Tagetes minuta, T. lucida, T. tenuifolia with tomato, eggplant, cabbage and 
cauliflower reduced soil populations of commonly occurring nematodes like M. 
incognita, R. reniformis and T. brassicae. The control of nematodes was found 
to be due to the toxic nature of root-exudates of these plants. 
Nematicides and organic soil amendments : 
Significant control of M. incognita was obtained on tomato and eggplant 
by bare-root treatment in dimethoate, carbofuran, fenamiphos, ethoprophos and 
phorate. In another experiment, the control of M. incognita and R. reniformis 
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was observed by bare-root dip treatment in triazophos/hostathion, 
carbosulfan/posse and rugby on tomato and eggplant. As a consequence in 
nematode control plant growth improved. Soil application of nematicides also 
caused significant reduction in nematode population alongwith improvement in 
plant growth of tomato. The plants raised from carbofuran, fenamiphos and 
phorate treated seeds of bottle gourd, bitter gourd reduced the root-knot 
development caused by M. incognita and consequently yield improved. Similar 
results were also obtained while seed soaking of cowpea and okra/lady finger 
in methyl demeton, dimethoate, UC-54229, acephate, monocrotophos and 
phosphamidon. 
In a field trial oil seed cakes of castor, margosa/neem, mustard, rocket 
salad, ground nut and two nematicides viz., carbofuran and aldicarb were used 
for nematode management. All additives were found highly satisfactory for 
nematode management and improved plant growth of tomato, okra, eggplant 
and yield of carrot. Efficacy of these organic additives improved in deep 
ploughed fields as compared to normal fields. There beneficial effects with 
respect to suppression of nematode population persisted even after a lapse of 
six months. In another field trial, it was observed that the effectiveness for 
reducing the nematode population was enhanced when oil cakes and 
nematicides were combined with soil solarization and consequently improved 
plant growth of tomato and eggplant. Watered soil covered with polyethylene 
sheets had better effects. Oil cakes of castor, neem and chopped green tops of 
water hyacinth, Eichhornia crassipes significantly controlled the nematode 
population and improved plant growth of Egyptian clover in field. 
In pot experiments, soil amendments with chopped parts of 
Cymbopogon flexuosus. Aloe barbadensis, Ammi majus, Madhuca indica. 
Papaver rhoeas, Ruella tuberosa and Zinnia elegans significantly controlled 
M. incognita and increased plant growth of tomato. Water extract of lemon 
grass, Cymbopogon flexuosus was highly toxic to nematodes. 
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Sawdusts of mango and neem, Azadirachta indica reduced root-knot 
development caused by M. incognita and multiplication of R. reniformis on 
tomato and eggplant, and T. brassicae on cabbage and cauliflower. Neem 
sawdust was found to be more efficacious than mango sawdust. 
Soil amendments with plant wastes of several weeds and cultivated 
plants significantly suppressed nematode populations and improved plant 
growth. Soil amendment with chopped plant parts of water hyacinth. 
Eichhornia crassipes as well as bare root dip treatment in its extracts have 
significantly controlled M incognita and R. reniformis on tomato and eggplant, 
and T. brassicae on cabbage and cauliflower with consequent improvement in 
plant growth. Extracts of water hyacinth were also found to be highly toxic to 
these nematodes. Similar results were also obtained with chopped floral parts, 
leaf and stem of marigold/Tagetes spp. viz., Tagetes lucida, T. minuta and T. 
tenuifolia with the reduction of root-knot development caused by M incognita 
and population of R. reniformis-, general nematode population on tomato and 
eggplant; and T. brassicae on cabbage and cauliflower. As a consequence in 
the reduction of root-knot development and/or nematode population plant 
growth improved. Soil application of Paecilomyces lilacinus before inoculation 
of Luffa aegyptica plants was found to be more effective for the control of M 
incognita. 
Soil amendments with chopped shoot parts of latex bearing plants, viz. 
Artocarpus heterophyllus, Carica papaya, Ficus carica, F. elastica, F. 
glomerata, Ipomoea fistulosa, Nerium odorum and Tabernaemontana 
coronaria significantly controlled M. incognita and R. reniformis on tomato 
and eggplant, T. brassicae on cabbage and cauliflower: and general nematode 
population on tomato and eggplant with consequent improvement in plant 
growth. In a similar study chopped shoots of Euphorbia neriifolia, E. tirucalli, 
Pedilanthus tithymaloides, Calotropis procera and Thevetia peruviana 
significantly reduced the nematode population on tomato and eggplant. Water 
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extracts of these latex bearing plants were highly deleterious to Hop. indicus, 
Hel indicus, R. reniformis, T. brassicae, M. incognita and inhibitory to larval 
hatching of M incognita. 
Seed dressing with plant latices of Calotropis gigantea, C. procera. 
Euphorbia milli, E. neriifolia and E. tirucalli significantly inhibited root-knot 
development caused by M incognita and multiplication of R. reniformis on 
tomato, eggplant and okra, and T. brassicae on cabbage and cauliflower. The 
literature on the potential of plant latices in nematode control has also been 
reviewed. 
Bare-root dip of cabbage and cauliflower in leaf extracts of neem and a 
related species Persian lilac, Melia azedarach were found highly satisfactory 
for controlling T. brassicae. This treatment also improved plant growth and 
water absorption efficiency of roots. Seed dressings with the extracts of neem 
and Persian lilac significantly controlled M incognita and R. reniformis on 
tomato, eggplant and okra. Similar results were obtained by seed dressings with 
azadirachtin and nimbin, two triterpenoids from neem. 
Bare-root dip or seed dressings of tomato, eggplant in water extracts of 
neem, Persian lilac, water hyacinth, latex bearing plants and some other plants 
tested induced some resistance and allowed fewer larvae of M. incognita to 
penetrate into their roots, this followed reduced galling. Similar results were 
also obtained in cabbage and cauliflower against T. brassicae. 
Pathogenicity and interrelationships: 
Plant growth, pollen fertility as well as water absorption capacity was 
significantly retarded due to the infection of root-knot, reniform and cyst 
nematodes infecting pigeon-pea. 
Root-rot fungus, Rhizoctonia solani and the nematodes, M. incognita. R. 
reniformis and T. brassicae significantly reduced plant growth of tomato, 
eggplant, chilli and papaya when inoculated separately, however, a synergistic 
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effect was observed in plants inoculated with the fungus and either of the 
nematodes. Similar trend was noted in case of reduction in water absorption 
capacity of roots. The presence of the fungus on the other hand, had an 
antagonistic effect on the multiplication of nematodes. Similar results were also 
obtained in okra inoculated with R. solani and/or M incognita and R. 
reniformis. 
Higher number of fungal species and nematode population was observed 
in the roots of okra/lady finger, Abelmoschus esculentus plants infected with 
Yellow Vein Mosaic Virus (YVMV) in comparison to the healthy plants. Deep 
ploughing (40 cm deep soil) had an adverse effect on fungal species and 
nematode population. Deep ploughing also brought about significant 
improvement in plant growth. M incognita and brinjal Mosaic Virus together 
caused more damage to brinjal plants than alone. 
Book Chapters/Reviews: 
There are ten Book chapters/reviews which have been written by me as 
a single or joint author. Out of 10, 9 chapters have been published (83-91) in 
various books and one chapter is unpublished (92). In these chapters, some are 
introductory in nature (82, 85), some have nematode control strategies (84, 85) 
and some chapters give broad lines of biological control of plant parasitic 
nematodes (87, 88, 90, 91, 92). Antagonistic plants in general and neem in 
particular have also been discussed (86). Special feature of the book chapters is 
that its substantial portion is based on the personal experimentation and 
experiences of the authors. 
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INTRODUCTION 
The word nematodes or nemas (Greek nema, nematos = thread, oides == 
resembhng) is derived from the Greek root nema. The terms nema and 
nematology were introduced by Cobb (1932). Chitwood (1957) supported by 
Cobb, arguing that zoologically speaking, the vernacular word nematode was a 
corruption of the ordinal name Nematoidea of Rudolphi (1808) which was in 
use in Germany as the plural equivalent to "Nematoden". Von Siebold (1848) 
used the ordinal word "Nematodes'' which was modified by Diesing (1861), as 
order Nematoda. Maggenti (1981, 1982) and Goodey (1963) used the names 
Nemata and Nematodea for Phylum and Class respectively, instead of 
Nematoda, but the word nematode is more commonly used than nema. 
According to Ayoub (1980), a word NEMATOID was coined which after 
modification has become NEMATODE. The nematodes can be defined as 
multicellular, non-segmented, usually vermiform animals showing a basic 
bilateral symmetry and possess a pseudocoel - a body cavity lined with an 
epithelial mesentry. The plant parasitic nematodes are generally called 
eelworms, phytonematodes, phytohelminths or simply plant nematodes. They 
parasitize both animals and plants. 
Nematodes are widespread in distribution and found in soil, fresh water 
and salt water wherever organic matter exists, from oceans to mountains, from 
arctics to tropics and are said to be "Ubiquitous' (Thome, 1961). The parasitic 
forms are important in the health of human being and animals and in the 
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efficiency of agriculture. The free living forms are known to be present in 
enormous number in soil and fresh water and undoubtedly have major roles in 
maintaining the natural ecological balance. The role of the marine forms is 
almost entirely unexplored. Rarely any crop is free from the attack. They are so 
numerous that Cobb (1.914) aptly remarked "... if all the matter in the universe 
except the nematodes were swept away, our world would still be dimly 
recognizable .... vv'e would find it in mountains, hills, valleys, rivers, lakes and 
oceans represented by a film of nematodes. Out of total known species of 
nematodes, about 50% are marine, 25% free living, 10% plant parasitic and 
15% animal parasitic forms (Ayoub, 1980). Plant parasitic and free living 
forms are grouped as soil and fresh water nematodes. 
BRIEF HISTORY OF NEMATODES 
Historical records show that nematode parasites of animals were known 
to ancient people and were mentioned in early 4500 B.C. The Eber Papyrus and 
early Egyptian medical records dated 1553-1550 B.C., noted the existence of 
the large intestinal round worm which was later named as Ascaris lumbricoides 
by Linnaeus. Hippocrates (430 B.C.) was the first to record the pin worm, 
Enterobius vermicularis. In the third century B.C., the Greek philosopher 
Aristotle (384-322 B.C.) also known as Father of Zoology repeatedly 
mentioned animal-parasitic nematodes in his writings. Roman Pliny (23-79 
AD) mentioned the Guinea worm which was later described as Dracimcidiis 
medinensis. This dreaded worm grows two to three feet long and lives in the 
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arms and legs of man, causing excruciating pain. This Guinea worm also had 
been described in early Egyptian writings. It is believed that the 'fiery serpents" 
which attacked the Israelitis, as mentioned in the Bible (The Old .... Numbers 
21: 6-9) were actually the Guinea worms. The early awareness about the 
animal parasitic nematodes was partly because of their large size. The 
invention of compound microscope during the early 1?"^  century, however, 
helped tremendously in later biological studies. Thus Borellus (1656) observed 
first free living nematode, Tiibetrix aceti known as the '"Vinegar eef using 
compound microscope. 
J. Turbevill Needham, a catholic priest of England in 1743 discovered 
the first plant parasitic nematode, the wheat gall nematode, Anguina tritici. the 
causal organism of the ear cockle disease of wheat, while examining a portion 
of shrunken, blackened seed gall in a drop of water under his primitive 
microscope. He is known as "Father of Hematology". Needham wrote to the 
president of the Royal Society, London stating that small black grains of 
smutty wheat had soft fibrous substances which upon soaking in water, took 
life and yielded a large number of motile worms. He described what he saw in 
these words: 
Upon opening lately the small black grains of smutty wheat they here 
distinguish from blighted Corn, the latter affording nothing but a black Dust, 
into which the whole Substance of the Ear is converted, I perceived a soft white 
fibrous Substance, a small Portion of which I placed upon my Object plate : It 
seemed to consist wholly of longitudinal Fibres bundled together; and you will 
be surprised, perhaps that I should say, without any least Sign of Life or 
Motion. I dropped a Globule of water upon it, in order to try if the Parts, when 
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separated, might be viewed more conveniently; when to my great Surprise 
these imaginary Fibres, as it were, separated from each other, took life, moved 
irregularly, not with a progressive, but twisting Motion, and continued to do so 
for the Space of Nine or Ten Hours, when I threw them away. I am satisfied 
that they are a Species of Aquatic Animals, and may be denominated Worms. 
Eels or Serpents, which they very much resemble. 
In recognition to his studies, J.T. Needham, at the age of only thirty four 
years, was elected Fellow of the Royal Society in 1747. After Needham, 
Linnaeus (1767), Scopoli (1777), Steinbuch (1799) and others recorded the 
same species and observed that it also attacked other cereals. M.J. Berkeley 
(1855) the Father of British mycology, observed "Vibrios" the root-knot 
nematode, Meloidogyne spp. on roots of cucumber plants grown in the green 
house in England. 
No additional observations of plant parasitic nematodes were recorded 
until Kuhn (1857) found Anguillula dipsaci = Ditylenchus dipsaci, infesting 
heads of teasel, Dipsacus fullonum L. 
The crop loss assessment of sugarbeet due to plant parasitic nematodes 
was realized for the first time by Schacht (1859). He discovered the association 
of a nematode to the serious decline in the production of sugarbeet 
(Riibenmudigkeit) in Germany during mid 19"' century. The nematode was 
later named as Heterodera schachtii (the sugarbeet cyst nematode) by Schmidt 
(1871). This serious pest of sugarbeet in Central Europe triggered scientists of 
that period to study the effectiveness of various control practices, including the 
application of chemicals such as carbon disulfide. In the second half of the 
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nineteenth century several important developments held in the field of 
nematology in European countries, for instance, Bastian (1866) wrote 
"Monograph of the Anguillulidae" which in the word of Thome (1961) marked 
the beginning of the science of nematology. Greeff (1872) noted Ditylenchus 
radicicola producing root galls in Poa annua and other grasses. Otto Butschli 
(1873) gave the first .detailed description of the morphology of free living 
nematodes and pointed out many of the characters which are used today in 
distinguishing genera and species. He was credited by Thome (1961) for 
founding the science of nematology. Comu (1879) described Meloidogyne 
marioni producing root galls in Onobrychis sativa. De Man (1884) wrote a 
classical taxonomic monograph "Die einheinschen brei in der reinen Erde und 
in Sussen-Wasser Labenden Nematoden der Niederland ischen Fauna". Goeldi 
(1887) described Meloidogyne exigua from Brazil causing galls on the roots of 
coffee. Strubell (1888) presented a detailed morphological study of Heterodera 
schachtii. It was so complete that little has been added to it. This fine piece of 
work was Strubell's only contribution to nematology. Ritzema-Bos (1891) 
discovered the foliar nematode, Aphelenchoides fragariae on strawberry plants. 
Many outstanding discoveries in nematology attracted many talented 
nematologists of the twentieth century. Micoletzky (1922) compiled literature 
on soil and fresh water nematodes and produced "Die freilenbenden Erd-
Nematoden". 1. N. Filipjev (1934) produced an important book on systematics 
in Russian, "Nematodes-Harmful and beneficial to Agriculture". The English 
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translation of this work was later published entitled, "A Manual of Agricultural 
Helminthology (Filipjev & Schuurmans-Stekhoven Jr, 1941). Tom Goodey in 
1922 published his first research paper on nematodes. He wrote a book, "Plant 
Parasitic Nematodes apd the Disease they Cause" in year 1933 and in 1951 
"Soil and Fresh water Nematodes". He was honoured with the order of the 
British Empire. Chitwood & Chitwood (1937) wrote a book "An Introduction 
to Hematology". Carter (1943) reported nematicidal property of 
Dichloropropane-Dichloropropene (DD). It was a beginning of the era of soil 
fumigation. Cannon (1941) discovered potato root eelworm (Golden cyst 
nematode), Heterodera rostochiensis {Globodera rostochiensis) in the 
important potato producing region on Long Island, New York. The key 
discovery of Christie & Albin (1944) was the characterization of "races" or 
"Physiological Strains" of the root-knot nematode, at a time when all root-knot 
nematodes were considered to compromise a single species within the genus 
Heterodera viz., H. marioni. This investigation resulted in Chitwood's 
assigning the root-knot nematodes to the genus Meloidogyne (1949). Christie 
(1945) reported nematicidal property of ethylene dibromide (EDB). Allen 
(1948) taught the world first formal university course in Hematology at the 
University of California, Berkeley. Oostenbrink (1950) wrote a book on "The 
Potato Nematode". Christie & Perry (1951) discovered that several 




Other scientists, past and present, who contributed significantly to 
Nematoiogy are Ditlevsen, de Coninck, Hofmanner, Menzel, Schneider, 
Franklin, Goffart, Ritzema-Bos, Triffit, J.B. Goodey, Jones, Weischer, 
Seinhorst, Luc, Lamberti, Vinciguerra, Geraert, Ellenby, Nordbring-Hertz, 
Jansson, Croll, Krall, Van der Laan, Stone, Evans, Kerry, Southey, Nickle, 
Giebel, Loof, Gommers, A.H. Meyl, Esser, Wouts, Sikora, Moens, Benzooijen, 
Greco and many others. 
European Society of Nematologists (ESN) was founded in 1955. In 
Wageningen, the Nematologists approved the formation of a new journal 
entirely on nematodes in the Third International Symposium on "Plant 
Nematodes and the Diseases They Cause" (30 June - 5 July, 1955). The journal 
was named Nematologica the first issue of which was published in 1956 by 
E.J. Brill, Leiden. Thus, the first journal of its kind which is exclusively 
devoted to plant and soil nematodes came into existence. Later two more 
journals from Europe viz., 'Nematologia Mediterranea' (1973), Italy and 
'Revue de Nematologie' (1978) from France were published. Now 
Nematologica and Revue de Nematologie have been merged in one journal 
entitled, 'Nematoiogy'. 
In the United States of America (USA), Leidy (1851) gave first free 
living nematodes. May (1888) first time observed the root-knot species, 
Meloidogyne spp. Other scientists who actively contributed in the later part of 
the nineteenth century were Atkinson (1889), Neal (1889), Halsted (1891), 
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Stone and Smith (1898). However, the real breakthrough in the development of 
nematology in USA came after the researches of Nathan Augustus Cobb (1859-
1932) who joined the United States Department of Agriculture in 1907. He 
secured his Doctorate in Jena in 1889. His first paper on plant parasitic 
nematodes, "Tylenchus and Root Galls" appeared in the "Agricultural Gazette 
of New South Wales (1890). He studied minute details of plant parasitic 
nematodes and occupied much of his time, with special reference to those 
organs for which he coined new terminologies viz., amphids. phasmids, deirids. 
Among his writings "Contribution to a Science of Nematology" is the most 
outstanding. He made major discoveries in the areas of nematode taxonomy, 
morphology and methodology for research in nematology. Cobb proposed that 
plant parasitic and free living nematodes be removed from helminthology and 
be assigned to a new branch of science to be known as "Nematology". His 
laboratory manual, "Estimating the Nema Population of Soil" (1918) formed 
the basis for a large portion of the methods and apparatus used in nematology 
today. The outstanding work earned Cobb the title "Father of Nematology" in 
the United States. Associated with Cobb during those early eventful years was 
W.E. Chambers, artist and microscopist. He produced excellent illustrations of 
nematodes for the scientific publication of Cobb. 
Among the early contemporaries of Cobb in the United States 
Department of Agriculture was Bessey. He worked on root-knot nematodes. 
His report (Bessey, 1911) included a review of the principal work done upto 
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that time and included considerable original research work. Cobb's other 
associates were J.R. Christie, G. Steiner, Chitwoods, A.L. Taylor, E.M. Buhrer, 
G.S. Cobb and F.E. Albin. There were many other scientists in the United 
States who made valuable and outstanding contributions during this time e.g. 
G.H. Godfrey, M.B. Linford and J.R. Watson etc. 
After Cobb's death in 1932, G. Steiner succeeded Cobb in 1932. 
Steiner's (1949) publication, "Plant-parasitic Nematodes the Grower should 
know" introduced nematodes not only to the Growers, but did much to promote 
applied nematology. He got Distinguished Service Medal of the U.S. 
Department of Agriculture on his retirement in 1956. Taylor succeeded Steiner 
and contributed much throughout his life. "An Introduction to Nematology" by 
E.G. and M.G. Chitwood (1937), "Plant Nematodes, their Bionomics and 
Control" by Christie (1959) and "Principles of Nematology" by Thome (1961) 
were classical books on nematodes contributed by U.S. scientists. 
In the second half of the 20"' century, nematology grew up fast and 
became a full fledge discipline of science with its own techniques, fields of 
research, text books, academic and scientific programmes. Other nematologists 
in the United States, past and present, included Raski, Cairns, Tarjan, Allen. 
Sasser, McBeth, Carter, Krusberg, Sayer, Mankau, Jenkins, Dropkin, Smart. 
Barker, Lownsbery, Veech, Good, Golden, Rodriguez-Kabana, Mai, Norton, 
Nickle, G.W. Bird, Ferris, Zuckerman, Maggenti, Fortuner, Eisenback 
Baldwin, Crow, Ley. Mc Sorley, Freckman, D.J. Chitwood and many others. 
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Late Dr. J.N. Sasser was a pioneer researcher and world authority on root-knot 
nematodes. He completed his Doctorate degree in 1953 entitled, "Identification 
and host-parasite relationships of certain Meloidogyne species and races". His 
students and other associates were among the first to study the physiological 
and biochemical aspects in plant parasitic nematodes and to employ molecular 
techniques in root-knot nematode taxonomy. By the mid 70s, he had 
conceptualized, organized and implemented his widely acclaimed, 
'International Meloidogyne Project' (IMP) funded by United States Agency for 
International Development (USAID), aimed primarily at coordinating and 
promoting research on root-knot nematodes worldwide. The IMP also 
facilitated training programmes in nematology. Sasser's contributions to 
nematology are recognized widely. He was a multifaceted educator. He had the 
capacity to formulate hypothesis, address new problems and research areas and 
stimulate the interest of young scientists. 
In 1969, Society of the Nematologists, North America (SON) started the 
publication of Journal of Nematology, later, 'Annals of Applied Nematology' 
was started in 1987 as supplement to the Journal of Nematology. The 
Organization of Tropical American Nematologists (OTAN), another American 
Society started publishing the "Nematropica' in 1971. 
There are so many great scientists who have done excellent work 
outside USA and Europe. They are A.D. Barker, J.E. Bosher, Wm. Newton. 
R.J. Hastings and Webster of Canada, Colbran, Wallace, Brown and A.F. Bird 
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of Australia. Nishizawa, Ishibashi and Ichinohe of Japan. Jatala of Peru, 
Maqbool and Ghaffar of Pakistan, Katan and Okayugi of Israel, E.M. Mousa of 
Egypt and many others. The 'Pakistan Journal of Hematology' was started in 
1983 as an official organ of Pakistan Society of Nematologists. However, due 
to the lack of proper facilities, poor access to literature and scarcity of expertise 
the development of nematology in the developing countries was hampered. 
In India, Barber (1901) reported root-knot nematode on tea for the first 
time in South India. Later Butler (1906) reported root-knot nematode on black 
pepper in Kerala. He (1913, 1919) also reported Ufra disease of rice caused by 
Ditylenchus angustus. Ayyar (1926, 1933, 1934) reported root-knot nematode 
infesting vegetables and other crops in South India. Dastur (1936) reported 
White tip disease of rice caused by Aphelenchoides besseyi. All these were 
important landmarks by themselves in India. However, plant nematology as a 
discipline is hardly fifty years old. Late Prof. Abrar M. Khan, joined the 
Department of Botany, Aligarh Muslim University (AMU), Aligarh in late 
forties after obtaining Doctorate from the University of Minnesota, USA under 
the guidance of Prof. E.G. Stakman, the doyen of Plant Pathology. He soon 
realized the importance of plant parasitic nematodes. Prof Khan (1973) in his 
presidential address of first annual general body meeting on 27" March, 1973. 
at Indian Agricultural Research Institute (lARI), New Delhi pointed out in his 
own words: 
12 
"In one of my orchards, beds after beds of papaya seedlings were 
infected with leaf-curl virus. My brother asked me to suggest control measures. 
Knowing about the nature of disease, I recommended the eradication of the 
entire plantation. To my surprise the seedlings were not only infected with 
virus but their roots were full of galls of varying sizes, housing thousands of 
females of root-knot nematodes, Meloidogyne incognita. I looked for 
information in the literature about the diseases caused by nematodes in India. 
To my utter dismay, I could find out a very few references (Barber, 1905, 
Butler, 1913, Dastur, 1936). Dr. P.R. Mehta, the then Director of Plant 
Protection and Quarantine, visited me. I discussed with him the lack of interest 
which Indian scientists had about nematological problems. We resolved to 
undertake the work on nematodes. I persuaded my revered friend, Late Dr. 
M.A. Basir Khan, a well known taxonomist of insect-parasitic oxyuroid 
nematodes of the Department of Zoology, A.M.U., Aligarh to undertake the 
work on taxonomy of nematodes and we on our part confined our activities to 
applied aspect. Dr. M. Rafiq Siddiqi in the Department of Zoology under the 
supervision of M.A. Basir Khan and Dr. Asad Ahmad under my supervision in 
Botany Department were enrolled as Research Scholars. This is how the work 
in nematology was started at Aligarh " (Khan, 1974). 
This was the period of mid-fifties. During this period a few scientists of 
Osmania University, Hyderabad and Indian Agricultural Research Institute 
(lARI), New Delhi independently started work on plant parasitic nematodes. 
M.R. Siddiqi of Zoology Department, A.M.U., Aligarh published his first paper 
in 1959 and Das of Osmania University in 1960. Since most of the scientists in 
India did not have a formal training in nematology, so Prof A.M. Khan 
approached the Colombo Plan Authorities to depute the services of some 
eminent nematologists to give formal training in nematology to Indian workers. 
They deputed Dr. F.G.W. Jones, Head, Department of Nematolog\. 
Rothamsted Experimental Station, U.K. During his stay at Aligarh in 1961 Dr. 
Jones went to the South and detected the presence of Golden Cyst nematode of 
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potato, Globodera rostochiensis, a pest of great economic importance. In the 
words of Prof Khan (1974) "If at all there was one single factor that triggered 
nematologicai research in India, I would say it was this discovery". By the joint 
effort of Prof Khan and the scientists of lARI an International Hematology 
Course at lARI was organized in 1964 with the help of Rockfeller Foundation. 
Late Dr. F.G.W. Jones, late Dr. J.B. Goodey both of U.K. and Prof D.J. Raski 
of California, USA were the distinguished resource persons for the course. 
Later, by the Joint efforts of AMU and lARI seven training programmes 
entitled "South-East Asia Postgraduate Hematology Courses" of three months 
duration were organized in the years 1967-68, 1968-69, 1969-70, 1971, 1973 
and 1975. International Agricultural Centre, Wageningen funded by The Dutch 
Government in addition to providing the equipment also lent the services of 
late Dr. M. Oostenbrink, Dr. Jan A. Van-Berkum and Mr. J.J. S'Jacob for the 
first course and that of Van Berkum and S'Jacob for the second and third 
courses. The subsequent courses were being run with the collaboration of 
Department of Botany, AMU Aligarh and the Division of Nematology, lARl, 
New Delhi. This is how nematology in India came to sound footings with the 
help of the British, Dutch and American scientists. 
At Aligarh Professors Abrar M. Khan, S.K. Saxena, S.I. Husain, M.M. 
Alam, Dr. Asad Ahmad from the Botany Department and Dr. M.R. Siddiqi, 
Prof M.S. Jairajpuri, Prof S.H. Khan, Dr. E. Khan from Zoology Department 
were the early workers who contributed to nematology. Dr. Siddiqi later joined 
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Commonwealth Institute of Parasitology (CIP), England and Dr. E. Khan 
joined the Division of.Nematology at lARI, Dr. Asad Ahmad went to Canada 
and no more concerned with nematology. Prof. Jairajpuri joined Zoological 
Survey of India (ZSI) and later became the Vice Chancellor of Maulana Azad 
National Urdu University, Hyderabad. He has enormously contributed on 
nematode taxonomy. Other nematologists at AMU, Dr. Q.H. Baqri, Professors 
Shahid Hasan Khan, Irfan Ahmad, Wasim Ahmad, Drs. M. Shakeel; M. Sarwat 
Sultan, A.L. Bilgrami and Ms. Qudsia Tehsin at Zoology Department, 
Professors M.W. Khan, Z.A. Siddiqi, M.M. Alam, M.F. Azam, A. Haseeb, Drs. 
M.M. Haque, A. Rashid, I. Mahmood, Zakiuddin, Rehanur Rahman, Akhtar H. 
Khan, A. Masood, M.R. Khan, T.A. Khan, Hisamuddin, A.A. Khan, Zaki A. 
Siddiqi and S.A. Tiyagi at Department of Botany, A.M.U., Aligarh have done 
enormous work on applied aspects. 
Other eminent nematologists of India are Drs. A.R. Seshadri, S.K. 
Prasad, G. Swarup, D.R. Dasgupta, B.K. Goswami, D. Prasad, H.S. Gaur, S. 
Gill, from I.A.R.I., New Delhi, R.S. Singh from the University of Agriculture 
& Technology, Pantnagar, D.S. Bhatti, D.C. Gupta and H.K. Bajaj from HAU, 
Hissar, V.M. Das from Osmania University, Hyderabad, J.C. Edward from 
Agricultural Institute, Allahabad, Y.S. Rao from CRRI, Cuttack, 
Professors B.S. Yadav and A.U. Siddiqui from Maharana Pratap University of 
Agriculture & Technology, Udaipur, Dr. B.N. Mathur from Agricultural 
Experimental Station, Jaipur, Professors A.C. Verma and A. Hasan from N.D. 
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University of Agriculture, Faizabad, Dr. M. Luqman Khan from Y.S.P. 
University of Horticulture & Forestry Solan, Prof. P.C. Trivedi, Department of 
Botany, University of Rajasthan, Jaipur, Drs. D.J. Patel, GAU, Anand, R.M. 
Khan, CISH, Lucknow, S.S. Hussaini, Bangalore, P.K. Koshy, Kayangulam, 
Kerala and many others. 
There are several important developments that led to the expansion of 
the science of nematology in India are: 
1. The pioneer work in nematode survey and taxonomy at Aligarh, 
Hyderabad and New Delhi. 
2. Ever increasing reports of nematode damage to a variety of crops like 
root-knot nematodes on vegetable crops, Heterodera avenae on wheat 
and barley, Rotylenchulus reniformis on castor, vegetable crops, pulses, 
grapevine, Tylenchulus semipenetram on citrus. 
3. The discovery of Globodera rostochiensis on potato in the Nilgiri hills. 
Nematological Society of India was founded in 1969. The first General 
Body (GB) meeting of the Society was held under the chairmanship of the 
senior most nematologist Prof Abrar M. Khan of the Department of Botany, 
Aligarh Muslim University, Aligarh. Some of the 70 nematologists who 
participated in the meeting was Prof. D.J. Raski of the University of California, 
Davis, California, USA. Initially 124 nematologists including students were 
enrolled as charter members of the Society. The Nematological Society of India 
(NSI) started publishing the Indian Journal of Nematology in 1971. 
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I have the priviledge to work with some of the most important 
nematologists of the country viz. Professors Abrar M. Khan, S.K. Saxena, S.I. 
Hussain, M. Mashkoor Alam and M. Farooq Azam. I started my research 
career in 1981 when I joined as a research scholar under the supervision of 
Prof. M. Mashkoor Alam in the Department of Botany, AMU, Aligarh. I got 
some Departmental financial assistance by the Aligarh Muslim University, 
Aligarh (UGC) in the fonn of Junior Research Fellowship (JRF) and Senior 
Research Fellowship (SRF). Then 1 joined All India Coordinated Research 
Project of University Grants Commission (UGC) as Senior Technical 
Assistance (1986-91). Later 1 was appointed as Lecturer in 1991 and then a 
Reader (equal to Associate Professor) in 2000 in Botany Department, AMU, 
Aligarh. In 1988 I attended an Advanced Training Course on Nematode Pest 
Identification at Department of Zoology, AMU, Aligarh. The course was 
organized by renowned nematode taxonomist Prof. M.S. .lairajpuri. 1 obtained 
my Ph.D. degree in 1986 working on "Studies on the effect of organic soil 
amendments on plant parasitic nematodes" under the guidance of Prof M. 
Mashkoor Alam. The Ph.D. thesis was examined by eminent scientists, Dr. R. 
Rodriguez-Kabana, USA (Foreign Examiner) and Dr. P.K. Koshy, Head, 
Hematology Division, Central Plantation Crop Research Institute (Regional 
Station), Kayangulam, Kerala (Indian Examiner). I was elected a Fellow, 
Indian Botanical Society (IBS) in 1993, Fellow, Phytopathological Society of 
India (FPSl) in 1995 and Fellow, Nematological Society of India (FNSI) in 
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1998. I attended the first Afro-Asian Nematology Symposium at A.M.U., 
Aligarh (1992), and third Afro-Asian Nematology Symposium at Coimbatore 
(1998) organized by Afro-Asian Society of Nemtologists. There I got the 
opportunity of meeting and discussing various nematological problems with 
several eminent Nematologists of International repute. I have written a large 
number of book chapters, reviews and articles in special volumes on plant 
parasitic nematodes which have been published in India as well as abroad. 
ECONOMIC IMPORTANCE OF PLANT PARASITIC NEMATODES 
Plant parasitic nematodes, the "tiny but mighty soil borne organisms'", 
unseen enemies are ubiquitos. This shows their economic importance. They are 
the most numerous animals on earth. Their recognition as serious pests of our 
crops came rather late. It was, by and large, the damage caused by these tiny 
organisms either overlooked or attributed to some other factors. They destruct 
directly or indirectly the crops. They either alone or in association with other 
micro-organisms cause diseases to plants resulting in reduced yield and quality 
of the produce. There is hardly any economic crop and for that matter any plant 
which does not have one or more nematode species feeding upon it as parasites. 
They are now firmly recognized as potentially serious constraints to crop 
productivity. They present some of the most difficult pest problems 
encountered in agricultural economy. Weischer (1967) has listed various ways 
by which plant parasitic nematodes affect the production and economy of 
crops. 
- 1 7 -
44 
(i) reduction in quality and quantity of crops, 
(ii) need of fertilizer and water, 
(iii) application of nematicides, and 
(iv) impediment of production and trade by phytosanitary regulations. 
Crop loss is defined as the difference between the attainable yield and 
the actual yield (Chiarappa, 1971). It is difficult, however, to determine the 
attainable yield because it depends on many cultural, environmental and pest 
factors. Actual yield is more easily measured as that obtained under prevailing 
pest pressure i.e. without protection. Although earlier reports on crop losses 
due to plant parasitic nematodes thought to be about 5% whereas, small 
farmers in the developing countries commonly experience much larger losses 
(Taylor & Sasser, 1978). 
The degree of damage depends upon the population density of 
nematode(s) species, host suitability, locality, ecological factors, agronomic 
practices, control measures adopted, or more likely, a combination of all these 
conditions. The presence of multiple pathogens make diagnosis confusing and 
frequently resulting under assessment of the damage caused by the nematodes. 
There are numerous estimates of damage in crop production on worldwide or 
countrywide basis. Several billion $ worth of crop losses happen annually 
worldwide because of nematodes. Although accurate information on the extent 
of crop losses caused by plant parasitic nematodes is difficult to assess but 
several workers have interpreted approximate losses. For instance, Stapel 
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(1953) estimated an average annual loss of 50,000,000 Kroner (£ IVi million) 
resulting from the attack of cereal root eelworm, Heterodera avenae in 
Denmark. Southey & Samuel (1954) found an average annual loss in potato to 
the tune of £ 2 million resuhing from Heterodera rostochiensis in UK and 
Wales in 1949. Orr (1984), in Western Texas, estimated an annual loss of 
85,600 bales in cotton yield due to Meloidogyne incognita. Some other 
estimates of annual losses caused by nematodes ranged from 250 million 
dollars (Hutchinson et ai, 1961) to 500 million dollars (Carins, 1955). The 
yearly losses estimated by the United States Department of Agriculture 
(USDA) in 16 crops amount to $ 372,335,000 (Taylor, 1967). The assessment 
of the Society of Nematologists Committee on crop losses indicates annual 
losses in the United States due to plant parasitic nematodes to the tune of $ 
1,038,374,300 in field crops, $ 225,145,900 in fruit and nut crops, $ 
266,989,100 in vegetable crops and $ 59,817,634 in ornamental crops (Anon, 
1971). Later another such committee summarized the reports of crop losses due 
to plant-parasitic nematodes crop wise and state wise (Anon, 1987). Sasser & 
Freckman (1987) presented a report based on comprehensive worldwide 
survey. They reported a loss of more than $ 100 billion per annum due to plant 
parasitic nematodes. This figure may be more, as similar information from 
many countries, more particularly from developing countries is yet to come or 
if available, is not comprehensive. There are other reports too which have given 
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data about monetary losses in crops due to plant parasitic nematodes. Some of 
these have been given elsewhere in the thesis (Article 83). 
In India also several workers have attempted to assess crop losses 
caused by plant parasitic nematodes. However, these are mostly confined to per 
cent losses. Probably Van Berkum & Seshadri (1970) were the first who 
calculated these losses in India in terms of money. They reported the loss of $ 
10 million from 'ear cockle' disease caused by Anguina tritici in wheat and $ 8 
million due to 'molya disease' caused by Heterodera avenae in the province of 
Rajasthan. Besides this, crop loss in coffee caused by Pratylenchus coffeae 
worth $ 3 million was also assessed. Handa et al. (1985) estimated the losses in 
barley due to Heterodera avenae to the tune of Rs. 1687-5911 per hectare. 
Several hundred crore rupees are lost due to nematode diseases annually in 
vegetable, cereal, pulse, oil seed, plantation and other crops. The major 
nematodes causing nationwide belong mainly to the genera Meloidogyne, 
Heterodera, Rotylenchulus, Pratylenchus and Radopholus. 
The crop losses to agricultural production incurred by way of plant 
parasitic nematodes are of such magnitude that they require the use of various 
control measures. Historically Kiihn (1881) in Germany, reported the first 
attempt to control the sugar beet cyst nematode, Heterodera schachtii by using 
carbon disulfide. Watson (1917) used calcium cyanamide in North Florida for 
controlling root-knot on tobacco. Matthews (1920) was first to report the 
effectiveness of Chloropicrin against root-knot nematode, while nematicidal 
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properties of methyl bromide were reported by Taylor & McBeth (1940). But 
real breakthrough in the development of nematicides came with the discovery 
of DD mixture by Carter (1943). Side by side other control measures such as 
biological control, crop rotation, organic amendments etc. also developed. 
Possibility of nematode biocontrol was suggested for the first time by Lohde 
(1874). This triggered researches on natural enemies of nematodes (Kuhn, 
1877; Zopf, 1888; Cobb, 1920; Thome, 1927; Linford, 1937; Linford & 
Oliveira, 1938; Dollfus, 1946). The different nematode control strategies have 
been discussed in detail elsewhere in the thesis (Articles, 83-92). 
ABOUT THE THESIS 
The present thesis, which is based on my research work of almost two 
and half decades, is mainly concerned with the control of plant parasitic 
nematodes. These research efforts were directed keeping in view the needs of 
the country and also with the hope that these would unravel some of the basis 
of nematode control. 
The different strategies were used for managing the nematodes 
including soil solarization, soil application of nematicides, root dip with 
systemic chemicals, organic soil amendments both conventional measures and 
unconventional waste organic matter, root dip and seed dressing with plant 
products and chemicals from promising organic soil amendments, screening of 
plant species and cultivars for locating source of resistance against nematodes, 
screening of various cropping sequences, effect of seasonal fluctuations on 
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nematode population, interculture of enemy plants etc. Studies were also 
directed to determine the mode of action of some of the control measures. 
There are several review articles written by me as single or joint author 
on biological control of nematodes, seasonal fluctuations, soil solarization, crop 
loss assessment, cropping sequences, status of root-knot nematodes, potential 
of plant latices and a bibliography on soil solarization for the management of 
plant diseases and weeds. 
In addition to above studies, the thesis also incorporates few articles on 
pathogenicity and interrelationships of nematodes. These aspects have some 
bearing on the studies pertaining to control aspect directly or indirectly. Brown 
& Kerry (1987) have also included these aspects in their book on nematode 
control. 
The thesis embodies 81 research papers, 1 bibliography (77) and 10 
book chapters/reviews (83-92) which are grouped in five sections as under: 
SECTION A : SEASONAL FLUCTUATIONS 
Knowledge about the mean density of nematode species inhabiting the 
rhizosphere of plants is of paramount importance before embarking a disease 
management programme. In perennial plants, it is necessary to have a data 
about the nematode populations during different seasons because of changes in 
environmental conditions. Environmental factors especially temperature. pH 
value and soil moisture may affect the nematode population in the soil and the 
host plant. Seasonal fluctuation studies play an important role in the 
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development of effective nematode management strategies around perennial 
crops. The plant parasitic nematodes have direct bearing on the extent of 
damage caused by them. Hence, the present investigations were undertaken. 
In a seasonal fluctuation experiment around two perennial plants viz., 
lemon grass, Cymbopogon flexuosus and Pome granate, Punica granatum high 
population build up of plant parasitic nemtaodes was observed from February 
to May and again in September while low from June to August (2). Changes in 
nematode population were directly correlated with soil moisture (1). 
In a one year seasonal fluctuation study some important plants viz.. 
Citrus, mango, guava, Zizyphus, jambolan, grapes and Indian gooseberry were 
selected for the observation of nematode population changes around their roots. 
The data was taken at 10 cm (upper layer), 20 cm (middle) and 40 cm (lower) 
depths. The nematode population was higher at higher soil moisture level. Soil 
moisture and temperature directly affect the nematode population. The 
nematode population decline in drought conditions. The pH also indirectly 
affects the nematode population densities. By and large, the nematode 
population was higher in the upper 10 cm soil layer. It can be due to the 
presence of more feeder roots and rootlets at 10 cm depth (3-7). Based on the 
higher rate of nematode multiplication, Jujube and orange can be rated as good 
hosts and jambolan as moderate host for Hoplolaimus indicus, jujube and 
orange as poor hosts for Helicotylenchus indicus, orange as good host for 
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Tylenchorhynchus brassicae, jambolan and orange as poor hosts for Tylenchns 
filiformis (15). 
The thesis also includes articles "Seasonal fluctuation of nematode 
population in relation to their environemf (84) and "Assessment of crop losses 
caused by phytonematodes" (83). 
SECTION B: PLANT REACTION, CROPPING SEQUENCES AND 
INTERCULTURE OF CROPS 
Use of resistant/tolerant plant species and cultivars is considered as one 
of the ideal methods of nematode management. The studies pertaining to plant 
reaction to nematode infection were undertaken for creating source of 
resistance, if any. Nine species of Amaranthus were screened against 
Meloidogyne incognita and Rotylenchulus reniformis (9, 10). Only one speices 
showed highly resistant and one resistant reactions to M. incognita (9). 
One of the aims of rotations of crops is to keep the populations of plant 
parasitic netmatodes below the damaging level. It provides comparatively safe 
and easy method of nematode management. However, suitability of crops for 
the area with respect to climatic conditions, as well as their economic 
feasibility are of paramount importance for embarking upon any rotational 
programme. Therefore, there is a constant need to search such sequences which 
are both detrimental to nematodes and acceptable to growers. 
For studying the influence of different cropping sequences on plant 
parasitic nematodes, 25 different cropping sequences of vegetables, cereals, 
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fodder crops, oil crops etc. were selected. Growing susceptible hosts 
consequently increase the population of plant parasitic nematodes to noxious 
levels. Fallowing and growing mustard and some other plants caused 
substantial reduction in the population density of nematodes in most of the 
situations. Brassica sp. produced many compounds including isothiocyanates, 
thiocyanates and nitrites on hydrolysis. Some of the by products of these 
compounds on decomposition may be toxic to nematodes. It was found that no 
individual sequence was equally effective against all nematodes present in the 
soil. This was because of the fact that influence of different crops on nematodes 
varied in different sequences. In different cropping sequences in four fields, the 
population of maize cyst nematode. Heterodera zeae increased during maize 
cultivation. Besides fallow, highest decrease in the number of cysts v/as 
observed in wheat, Egyptian clover, mustard, barley, pigeon pea and maize (8). 
Reaction of crops varies from nematode to nematode (11-15). 
Effect of interculture of Zinnia, Zinnia elegans\ neem/margosa, 
Azadirachta indica: Persian lilac, Melia azedarach; different species of 
marigold/Tagetes spp. viz., Tagetes lucida, T. minuta and T. tenuifolia with 
tomato, eggplant, cabbage and cauliflower (17-20, 22, 24) on plant growth and 
soil population of commonly occurring nematodes was studied. The 
management of plant parasitic nematodes was found to be due to the toxic 
nature of root exudates of these plants (16, 21). The use of these plants in the 
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biological control of nematodes has been reviewed in article numbers 85, 89, 
91. 
SECTION C : NEMATICIDES AND ORGANIC SOIL AMENDMENTS 
The test nematicides were found highly deleterious to plant parasitic 
nematodes and inhibitory on larval hatching (29, 32). Significant control of M. 
incognita was obtained by bare root dip treatment in dimethoate on tomato 
(25), in carbofuran, fenamiphos, ethoprophos, phorate on tomato and eggplant 
(38). In another experiment the control of M incognita and R. reniformis was 
observed by bare-root dip treatment in triazophos/hostathion. carbosulfan/posse 
and rugby-10 on tomato and eggplant. As a consequence in the reduction of 
nematode infection plant growth of tomato and eggplant improved (37, 38). 
Soil application in nursery, nematicides also caused significant 
reduction in the population of plant parasitic nematodes alongwith 
improvement in plant growth of tomato (31). Cost of treating the nursery soil is 
greatly reduced as the area of application is comparatively less. The plants 
raised from carbofuran, fenamiphos and phorate treated seeds of bottle gourd, 
Lagenaria siceraria; bitter gourd, Momordica charantia reduced the root-knot 
development caused by M. incognita and consequently the yield improved. 
Fenamiphos gave the best results followed by carbofuran and phorate (29). 
Similar results were also obtained while seed soaking of cowpea and okra in 
methyl demeton, dimethoate, UC-54229, acephate, monocrotophos and 
phosphamidon (39). In an integrated approach oil seed cakes of castor, Ricinus 
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communis-, margosa/neem, Azadirachta indica; mustard, Brassica campestris; 
rocket salad, Eruca sativa\ groundnut/peanut, Arachis hypogaea and two 
nematicides viz., carbofuran and aldicarb were used for the management of 
plant parasitic nematodes in deep (40 cm) and normal (20 cm) ploughed soil. 
All the additives were found highly satisfactory for the management of plant 
parasitic nematodes. The nematicides had a slight edge over the oil seed cakes. 
Deep (40 cm) ploughing was found to be a limiting factor. As a consequence in 
the reduction in nematode population the plant growth of tomato (28), carrot 
(30), okra (35) and eggplant (40) improved. The residual effect of oil seed 
cakes and nematicides persisted for longer durations, as they remain effective 
in subsequent crops even after a lapse of six months (28, 30, 35, 40). 
Some of the nematicidal chemicals used in the above studies are now 
banned because of the associated environmental and health problems. But these 
studies were carried out when there was no restriction on the use of these 
chemicals. 
Considerable work has been carried out on the management of plant 
parasitic nematodes with organic soil amendments. In a field study, oil seed 
cakes of castor, neem/margosa and chopped green tops of water hyacinth, 
Eichhornia crassipes. Mart, Solms. brought about significant reduction in 
nematode population highest being in neem treated field with a consequent 
increase in plant growth of berseem/Egyptian clover, Trifolium alexandrinum 
L. (33). In pot experiments soil amended with chopped leaves and flowers of 
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Cymbopogon flexuosus. Aloe barbadensis, Ammi majus, Madhuca indica, 
Papaver rhoeas, Ruella tuberosa and Zinnia elegans brought about significant 
inhibition in root-knot development caused by Meloidogyne incognita and an 
increase in plant growth of tomato (34). Neem leaf, seed powder, oil cake and 
two nematicides viz., carbofuran and phorate alone and in combination reduced 
the root-knot development and population of R. reniformis. As a result of 
reduction in nematode infection the plant growth improved (27, 41). Aqueous 
extracts of lemon grass, C. flexuosus was highly toxic to plant parasitic 
nematodes (26). 
Soil amendments with oil seed cakes, leaves and sawdust of neem has 
given satisfactory control of plant parasitic nematodes in repeated tests (50). 
Significant control of M. incognita and R. reniformis was obtained on tomato 
and eggplant by bare-root dip treatment in leaf extracts of neem and Persian 
lilac. The damaging effects were marked and consequently improved plant 
growth. The root galling and nematode population were gradually decreased 
with an increase in the concentration and dip duration (46). Similar results were 
obtained with same treatments against T. brassicae on cabbage and cauliflower 
(49). This treatment also improved plant growth and water absorption 
efficiency of the roots of cabbage and cauliflower (49). Seed dressings with the 
extracts of neem and Persian lilac significantly controlled M. incognita and R. 
reniformis on tomato, eggplant and okra (44). Similarly seed dressings with 
neem chemicals like azadirachtin and nimbin, triterpenoids from neem were 
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effective against M incognita and R. reniformis on tomato, eggplant and okra, 
and T. brassicae on cabbage and cauliflower (45, 47, 48, 51). Bare-root dip or 
seed dressings in leaf extracts of neem and neem chemicals tested induced 
some resistance to the test plants. Poor root-knot development and/or poor 
nematode multiplication could be attributed to poor penetration and later 
retardation in different activities of the second stage juveniles such as feeding 
and/or reproduction. Water extracts of different parts of neem and Persian lilac 
were highly deleterious to Hop. indicus, Hel. indicus, R. reniformis, Tyl. 
filiformis, Trh. brassicae and M. incognita larvae and inhibitory to larval 
hatching of M. incognita (42, 43). Some neem chemicals viz., azadirachtin. 
nimbidic acid, nimbin, kaempferol and quercetin were found highly deleterious 
to the test nematodes, however, to varying degree. These chemicals also caused 
significant inhibition in larval hatching of M. incognita (52). 
Soil amendments of neem, Azadirachta indica or a related species 
Persian lilac, Melia azedarach controlled pest nematodes. Neem seeds were the 
most effective (54, 55, 59). Similar results were also obtained when the soil 
was amended with chopped leaves of A. indica, T. patula, Ficus racemosa, F. 
bengalensis, F. virens and N. indicum (54, 58). 
Plant wastes of weeds and cultivated plants were evaluated for their 
potential in nematode control (68-72). In most of the cases soil amendments 
with plant wastes significantly suppressed nematode populations and improved 
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plant growth. This type of nematode control was considered economical, easy 
and pollution free. 
Water hyacinth, Eichhornia crassipes one of the top ten widely 
distributed noxious weeds in India, is causing concern because it greatly 
interferes with agriculture, pisciculture, drainage, water sport, etc. Its disposal 
is yet another problem. Its possible utilization for the control of plant parasitic 
nematodes has been tested (71, 72). Soil amendments with chopped leaves and 
flowers as well as bare root dip treatment in its extracts have significantly 
controlled M. incognita and R. reniformis on tomato and eggplant (71), and T. 
brassicae on cabbage and cauliflower (72) with consequent improvement in 
plant growth. Extracts of water hyacinth were also found to be highly toxic to 
the nematodes (71, 72). Soil application of Paecilomyces lilacinus before 
inoculation of Luffa aegyptica plants was found to be more effective for the 
control of M. incognita (73). 
It is a common practice that after flower harvest of marigold {Tagefes 
spp.) the plant residues are discarded. Therefore, in this regard the experiments 
were conducted to evaluate the feasibility of the use of marigold wastes against 
some important plant parasitic nematodes. Soil amendments with chopped 
floral parts, leaf and stem of marigold, Tagetes spp. viz., Tagetes lucida, T. 
minuta and T. tenuifolia gave greatest inhibition to the root-knot development 
and the population buildup of R. reniformis on tomato and eggplant (68), and T. 
brassicae on cabbage and cauliflower (68) and showed significant 
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improvement. General population of plant parasitic nematodes also 
significantly decreased when the soil was amended with the above mentioned 
marigold treatments on tomato and eggplant with a corresponding increase in 
plant growth (69). The improvement in plant growth may be partly due to the 
reduction in the population of plant parasitic nematodes and partly due to the 
fact that these additives also served as organic manures (68, 69). Water extracts 
of different parts of marigold, Tagetes lucida were highly deleterious to M 
incognita. R. reniformis. T. brassicae. Hop. indicus, Hel. indicus, T. filiformis 
and inhibition in juvenile hatching (70). 
Soil amendments with chopped shoot parts of latex bearing plants viz., 
Artocarpus heterophyllus, Carica papaya, Ficus carica, F. elastica, F. 
glomerata, Ipomoea fistulosa, Nerium odorum and Tabernaemontana 
coronaria significantly controlled M incognita and R. reniformis on tomato 
and eggplant, T. brassicae on cabbage and cauliflower (62), and general 
population of plant parasitic nematodes on tomato and eggplant (66) with 
consequent improvement in plant growth (66). Similar results were also 
obtained when the nematode infested around the roots of tomato and eggplant 
was amended with chopped shoots of Euphorbia neriifolia, E. tirucalli, 
Pedilanthus tithymaloides, Calotropis procera, Thevetia peruviana (67). Water 
extracts of these latex bearing plants were highly deleterious to Hop. indicus, 
Hel. indicus, R. reniformis, T. brassicae, T. fdiformis, M. incognita and 
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inhibitory to larval hatching of M. incognita, however, to varying extent (59, 
60). 
Seed dressing with plant latices of Calotropis gigantea, C. procera. 
Euphorbia millii, E. neriifolia and E. tirucalli significantly inhibited the root-
knot development caused by M. incognita and multiplication of R. reniformis 
on tomato, eggplant and okra (63, 65), and T. brassicae on cabbage and 
cauliflower (64). 
The thesis also includes articles on the "potential of plant latices in 
nematode control" (87, 88), Antagonistic plants (89), "Marigold (Tagetes): An 
auxiliary and nematode antagonistic plant'" (91) and "Water hyacinth - a 
noxious weed" (92). 
Soil solarization is a hydrothermal method of soil disinfestations using 
solar heat trapped and covered through transparent polyethylene mulch. It is 
used to control soil-borne pathogens. Despite some limitations, the studies of 
soil solarization may be effective either used singly or in combination with 
other factors. It has the potential for reducing plant parasitic nematodes as it is 
easy to apply, pollution free, economical and inexpensive. 
In the present investigations soil solarization was integrated with oil 
cakes and nematicides. The oil cakes used were neem, castor and mustard 
while nematicides were carbofuran and aldicarb. The oil cakes and nematicides 
were efficacious in reducing nematode population than oil cakes alone. The 
effectiveness was enhanced when these treatments were combined with soil 
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solarization (74, 75) consequently the plant growth of tomato and eggplant 
improved (74, 75). Watered soil covered with polyethylene sheets during 
solarization had better effects on the reduction of nematode population (76). 
Besides the above and other studies comprehensive bibliography on 
"Soil solarization for the management of plant diseases and weeds (77) and 
articles, "Management of plant parasitic nematodes by soil solarization"' (90) 
and "Status of root-knot nematode in Uttar Pradesh, India" (81) have also been 
prepared. 
SECTION D : PATHOGENICITY AND INTERRELATIONSHIPS 
Some other observations were conducted to investigate the effect of 
plant parasitic nematodes on plant growth and water absorption efficiency of 
roots. It was observed that the plant growth and pollen fertility as well as water 
absorption capacity was significantly retarded due to infection of the root-knot, 
reniform and cyst nematodes infecting pigeon pea seedlings (80). There was a 
positive correlation between the reduction in plant growth, pollen fertility and 
water absorption efficiency. An increase in initial inoculum level of nematodes 
resulted in corresponding decrease in plant growth (80). 
Root-rot fungus, Rhizoctonia solani and the nematodes M incognita, R. 
reniformis and T. brassicae significantly reduced plant growth of tomato, 
eggplant, chilli and papaya when inoculated separately, however, a synergistic 
effect was observed in plants inoculated with the fungus and either of the 
nematodes (78). Similar trend was noted in case of reduction in water 
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absorption capability of roots. The presence of the root-rot fungus, on the other 
hand, had an antagonistic effect on the multiplication of the nematode. Similar 
results were also obtained in okra inoculated with R. solani and/or M incognita 
and R. reniformis (79). 
Higher number of fungal species and nematode population was observed 
in the rhizoshpere of okra/lady fmger, Abelmoschus esculentus plants infected 
with Yellow Vein Mosaic Virus (YVMV) in comparison to their healthy 
counterparts. Deep ploughing (40 cm deep of soil) had an adverse effect on 
fungal species and nematode population. Plant growth \vas retarted in YVMV 
infected plants. But the deep ploughing brought about significant improvement 
in plant growth (81). M incognita and Brinjal Mosaic Virus together caused 
more damage to brinjal plants than alone (82). 
SECTION E : BOOK CHAPTERS/REVIEWS 
In addition to the above mentioned research papers some Book 
Chapters/Reviews and a bibliography have been included as supplement. 
There are ten chapters/reviews (83-92) and one bibliography (77) which 
have been written by me as single or joint author. Out of ten chapters, 9 
chapters have been published (Chapter No.83-91) in various books and one 
chapter is unpublished (92). Chapter number 83 and 86 are introductory in 
nature. While chapter number 84 and 85 has discussed the various control 
strategies of nematodes. Chapter numbers 87, 88, 91 and 92 give breadlines of 
biological control of plant parasitic nematodes. Antagonistic plants in general 
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and neem in particular have been discussed in chapter number 89. Bibliography 
is on "Soil solarization for the management of plant diseases" (77). Special 
feature of the book chapters is that its substantial portion is based on the 
personal experimentation and experiences of the authors. 
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INDIA 
S e a s o n a l f l u c t u a t i o n s t u d i e s p l a y an i m p o r t a n t r o l e i n t h e 
d e v e l o p m e n t o f e f f e c t i v e management s t r a t e g i e s f o r n e m a t o d e 
p o p u l a t i o n s around p e r e n n i a l c r o p s , y e t v e r y few s t u d i e s h a v e 
b e e n made on f r u i t t r e e s . T h e r e f o r e , i t was c o n s i d e r e d 
d e s i r a b l e t o d e t e r m i n e t h e p o p u l a t i o n f l u c t u a t i o n s o f nematode^ 
around t h e r o o t s o f four d i f f e r e n t p e r e n n i a l f r u i t t r e e s w h i c h 
a r e common i n W e s t e r n U t t a r P r a d e s h , a n o r t h e r n p r o v i n c e o f 
I n d i a : papaya ( C a r i c a papaya L.) , j u j - u b e / b e r ( Z i z y p h u s j u i u b a 
L . ) , jambolan/ iamuro fSvzia ium cumini (L. ) S k e e l s ] , and o r a n g e 
( C i t r u s r e t i c u l a t a B l a n c o ) . S o i l s a m p l e s w e r e c o l l e c t e d a t 
m o n t h l y i n t e r v a l s from J a n u a r y t o J u l y . I n e a c h c a s e , s o i l 
s a m p l e s w e r e c o l l e c t e d from f i v e p l a n t s randomly s i t u a t e d i n 
g r o v e s a t Naqvi Park , A l i g a r h . S o i l s a m p l e s were p r o c e s s e d by 
Cobb' s s i e v i n g and d e c a n t i n g t e c h n i q u e a l o n g w i t h m o d i f i e d B a e r -
mann f u n n e l s ( S o u t h e y , 1 9 7 0 ) . Nematode p o p u l a t i o n s , s o i l t e m -
p e r a t u r e ( ' C ) , s o i l m o i s t u r e (%) , and s o i l pH were r e c o r d e d . 
Changes in t o t a l p o p u l a t i o n s o f p l a n t - p a r a s i t i c n e m a t o d e s 
were d i r e c t l y c o r r e l a t e d w i t h s o i l m o i s t u r e ( T a b l e 1 ) . E f f e c t s 
o f s o i l t e i s p e r a t u r e and pH were l e s s o b v i o u s . The d e c l i n e o f 
n e m a t o d e s d u r i n g d r y p e r i o d s was p r o b a b l y due t o d e s i c c a t i o n o r 
downward n i g r a t i o n i n the s o i l . When t h e t r e e s were i r r i g a t e d , 
p o p u l a t i o n s a g a i n i n c r e a s e d . 
B a s e d on t h e h i g h r a t e of nematode m u l t i p l i c a t i o n , j u j u b e / 
b e r . p a p a y a , and o r a n g e can b e r a t e d a s g o o d h o s t s a n d 
j a m b o l a n / i a m u n a s a moderate h o s t f o r H o n l o l a i m u s i n d i c u s S h e r , 
1963 ; p a p a y a , j u j u b e / b ^ and orange a s poor h o s t s f o r H e l i c o -
t y l e n c h u s i n d i c u s S i d d i q i , 1963 ; p a p a y a , j u j u b e / b ^ , j a m b o l a n / 
iamun and orange a s good h o s t s f o r T y l e n c h o r h v n c h u s b r a s s i c a ^ 
S i d d i q i , 1 9 5 1 ; i a m b o l a n / i a m u n and o r a n g e a s p o o r h o s t s f o r 
I l y i e n c h u s f i l i f o r m i s B u t s c h l i , 18'7 3 ; and papaya a s a good h o s t 
f o r M e l o i d o q v n e i n c o g n i t a (Kofo id & White , 1919) Chi twood, 1 9 4 9 . 
E g j e r e n c e 
S o u t h e y , J . F. 1 9 7 0 . Laboratory methods f o r work w i t h p l a n t 
and s o i l n e m a t o d e s . M i n i s t . A g r i c . F i s h . & Food T e c h . 
B u l l . No. 2 , H . H . S . O . , London. 
*Part o f M.Sc . d i s s e r t a t i o n of t h e s e n i o r a u t h o r . 
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Table . Poou'ietion ck;<TSUics of pi a^ -it-parasi; ic riofiv todcs associated with fruit tre«s.* 
Soil 1 Vvil Soil 
t(*perst..Te ne-Htuire pM 
c c 
Kematode population per 
?00 8 soil** 









J in 15 17.20 7.60 80 40 200 40 
fcb 17 15. 7.65 60 - •1,0 20 120 60 
Har 21 10.60 7.90 60 - 60 - 140 260 
A^ 29 U . 6 0 7.95 80 - 60 - 140 60 
Hey 12 19.96 8.10 20 - 100 - 120 40 
Jin 35 4.50 8.20 20 - 20 - 40 40 
Jul JO 16.20 7.95 - - 220 • 220 200 
C.D, (P=0.C'5) 13.07 
C.D. (P=0.0-.) 18.33 
Jan 15 19.68 7.20 280 20 200 500 160 
Feb 17 11.60 7.90 340 - 240 580 100 
Kar 21 5.80 8.00 240 - 220 460 320 
kDT 2C 2.40 8.00 60 - 20 80 80 
xay 52 19.04 8.35 260 40 20 320 60 
Jlti 35 2.06 8.50 120 - 120 80 
Jul 5C 16.80 8.65 240 20 40 300 80 
C.C. (P=0.05) 10.61 
C.D. (P=0.C1) 15.58 
Jan 15 4.16 100 40 100 20 20 280 60 
Feb 17 11 .40 8.10 160 20 200 20 400 160 
Kar 21 9.06 8.20 140 20 140 300 220 
Apr 29 8.00 8.10 100 20 80 200 60 
Kay 32 20.28 8.35 80 40 80 200 140 
J t r 35 0.44 8.30 20 - - 20 20 
Jul 30 16.00 8.50 100 - 60 160 40 
C.O, . (P^O.CS) 11.98 
C.O . (p=o.Gn 16.80 
Jan 15 1 .63 7.85 80 100 40 40 - 260 140 
feb 17 15.00 8.45 120 - 140 80 100 - 440 40 
Mar 21 28.14 8.50 360 40 220 200 180 - 1000 80 
Apr 29 11.40 8.60 C80 20 100 60 160 - 820 200 
May 32 0.90 7.90 20 20 60 - - - 100 40 
JLTI 35 0.40 8.00 - - - - - - - 40 





•Each value is a.-i average of f i ve rep l icates . 
'*Hop = H&plolaintjs indicus. Hel = Hfcl icotylefvrhus i r t j icus . Trh = Tvlerxhorhynchus brassicae. Ty l = IxllT.'' 
chus f i l i f o r m i ; . Hel = ircogni ta. Tys = Tylerx:hulus setniper^etrans. Tota l = Total Tyleochids. 
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Seasonal Fluctuation of Plant Parasitic Nematodes Associated with Two 
Medicinal Plants 
Mansoor A. Siddiqui & M. Mashkoor Alam 
Department of Bouny, Aligarh Muslim University, AUgarh 202 002. 
(Acocptd September I !W7 J 
K e j Words - InHueact MoUture Nematode Population Root 
The number of parasitic nematodes per plant has direct 
bearing on the extent of damage caused by them. 
Determinat ion of population size and population 
behaviour pattern Is most important for predicting the 
ensuing plant damage . Therefore, the present 
investigatlorx was undertaken with a view to study the 
seasonal fluctuation of parasitic nematodes associated 
with two perennial medicmal plants. 
Soil samples were collected at monthly mterval from 
January through December, 1986 from two medicinal 
plants, lemon grass {Cymbopogon flexuosus (Steud.) 
Wats.) and p o m e g r a n a t e " Gulnar farsi" {Punica 
granatum L.) grown in experimental plots at the 
Botanical garden of the University. The soil type was 
sandy loam with a pH of 8.4. In each case soil samples 
were collected from six plants randomly situated in the 
field. Individual soil samples comprised ten torej 
(2x20cm) from the feeder root zone. A thoroughly mixed 
representative soil sub-sample of 200 g was processed 
ushig Cobb's sieving and decanting technique along with 
Baermann funnels (Southey, 1970) and nematodes 
present In the suspension were counted. Soil moisture 
(per cent) and temperature were noted at the time of each 
sampling. 
P o p u l a t i o n s of Tylenchorhynchus brassicae and 
Tylenchulussemipenetranswere high In lemon grass. But 
populations of Hoplolaimus indicus, Helicotylenchus 
indicus and Hemicriconemoides mangiferae remained low 
Table 1 Seasonal Fluctuation in the Population of Nematodes Around Lemon Grass 
Month 
PopplalioD of plant parasitic ncmatodes/200 g soil 
Soil Soil 
moisture temperature 
% (C) Hop Hel ,Trh Tyl Tys Hem Total Sap 
January lii.S 1/ 27 46 230 40 273 30 646 400 
Fcbruarv- 15.3 21 120 160 230 160 2«0 150 1100 410 
March ' 20.4 24 170 150 300 180 310 155 1265 400 
April 9.6 2S 180 140 310 170 ISO 200 1250 450 
May 7.0 35 210 120 250 150 190 100 1020 320 
June 0.9 41 50 80 IOC 20 210 460 250 
July 16.0 36 160 20 130 110 220 - 640 410 
August 18.0 33 120 20 247 40 387 814 280 
September 15.2 30 140 20 200 160 467 140 1127 700 
Octoba- 6.0 27 20 30 228 110 260 228 876 832 
November 11.4 22 190 170 150 330 840 245 
December 17.0 18 80 70 100 150 140 540 285 
CX>. (P=0.05 ) 46.04 
CD. (P=0.01) 62.58 
Each value is in average of « icphcates 
Hop t Hoplelaiinia indicus, 
Tyl= TyUnchusfH^annij, 
Total = Total parasitic. 
Hcl ^eiu;otyUiu:hus indicus, 
Tys = TyleBckulm senuptnetrans. 
Sap = Total saptoxoic 
Trii = TyUnchorkynckus brassicae. 
Hem = Hemicriconemoides mangiferae. 
- 4 4 -
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Table 2 Seasonal Flucliialion in (he Population of Nematodes Around Pomegranate 
Soii Popublion of planl parasitic ncmalCKlcs/2()0 (; 5oil 
Each value is an average of six rcplicatcs 
Hop = HoplolaLnus indicus, Ud = Uelicolylenchus indicits, 
Tyl = Tytenckus fUiformis, Tys = Ty'.enchulus semipenelrans, 
Total = Toul parasitic. Sap = Total saprozoic 
Trh = Tylenchorhynchus brassicae, 
Xip = Xiphinema basiri, 
moisture % temperature (-C) Hop llel Trh Tyl Tys Xip I'otal Sap 
January 22.4 17 20 130 90 280 100 140 760 260 
Fcbniary 19.0 21 140 200 400 220 250 1210 250 
March 16.5 24 180 200 210 430 250 270 1540 300 
AptU 4.3 as n o 110 260 350 230 230 U50 n o 
May 11.5 35 110 150 120 390 160 180 1110 3{X) 
June 2.5 41 20 80 50 130 30 180 490 210 
July 12.0 36 120 40 60 195 125 145 6.S5 400 
August 17.2 33 153 170 180 230 20 80 833 100 
September 24.0 30 140 160 220 520 140 150 1330 940 
Oclol>cr 10.0 27 160 132 180 260 228 960 270 
November 5.4 22 50 190 130 160 50 130 710 3CG 
December 22.0 18 90 70 55 80 IKO 130 605 250 
C.D. (I>=0.05) 53.72 
C.D. (P=0.05) 73.01 
(Table 1). In case of pomegranate, populations of 
Tylenchus filiformis and Tylenchulus semipenetrans were 
high while that of Hoplolaimus indicus, Helicotylenchus 
indicus and Xiphinema basir i remained mnderate (Table 
2). 
The data revealed high population build-up of plant 
parasitic nematodes from February to May and again in 
September around the plants. The population declined 
from June to August and then from October to December 
frables 1-2). 
The soil moisture was high from February to May and 
again in SeptenU>«r whik it was low from June to August. 
Thus a definite correlation existed between nematode 
population and soil mousture content. The population of 
different nematode species was more at higher soil 
moLsture levels whereas it declined during dry condition, 
probably due to desiccation or migration of nematodes to 
deep into the soil (Khan et al., 1971). The drought 
conditions prevalent during June and July were largely 
influenced in their turn by continuous high temperatures 
(41 and 3 6 ' C respectively). But low temperatures in 
November, December and January also had adverse 
effect on nematode populations. Thus the fluctuation of 
nematode densities might have been due to the direct 
effect of soil moisture and temperature or their 
combination, agreeing with the results of Das (1970), 
Khan et al (1971), and Saeed & Ghaffar (1986). 
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Population changes of nematodes associated with Citrus 
reticulata and Citrus aurantifoUa 
M A N S O O R A. SIDDIQUI 
Plant PaihologylNetiiatology Section, D^-pannictit of Botany, Aligarh Muslim University, Aligarli, India 
(Received 21 October 2004) 
Abstract 
T w o economical ly imponant spccics of Citnts f h i i c \-iz., orange, Citrus reliculata and l emon, C. 
aurantifoUa were s e l e a e d for studying die changes in the populat ion o f plant parasitic n e m a t o d e s around 
their roots. The nematode population of Hoplolaimus indicus, Helicotylenchus indicus, Xiphinema 
americatmw, Pratyknchus coffeae, Tylenchulus semipciietran: and Hemicriconemoides mangiferae was 
obseu 'ed at 10 c m (upper layer) followed by 20 c m (middle) and 4 0 c m ( lower) depths. T h e populat ion 
was higher at higher soil moisture level. Soil moisture and tempcrarnre directly affect the n e m a t o d e 
populat ion. T h e nematode population declined in drought condi t ions . T h e p H also indirectly affects the 
n e m a t o d e population densities. 
Ke>'words: Seasonal fluctuation, moisture, temperature, pH, nematode, orange, lemon, management 
Introduction 
T h e Citrus Linn Family Rutaceae, a good source of \Titamin C, is the third largest most 
important fruit crop indusir\' after banana and mango in India. It occupies a place of 
considerable importance in the fruit economy of the country. T h e area under its culuvauon is 
estimated at 2.4 lakh hectare with a production of 19 lakh tonnes. It is commonly and 
commercially grown in peninsular India in frost-free tropical to semi-tropical and temperate 
regions like Indo-Malaysian region, South-East Asia and China. 
A large number of diseases caused by %'iruses, bacteria and fungi have been reported to 
occur on Citrus. Viruses killed more than 20 million trees in Argentina, Brazil, India and U S A 
(Wealth of India 1992). 
Many plant parasitic nematodes have been associated with Citrus. The citrus nematode. 
Tylenchulus semipenetrans Cobb remain the most important and ubiquitous nematode pest of 
citrus worldwide. It is a serious pest and suspected to be one of the factors responsible for 
s low die back. The Citrus nematode probably infests more than 50% of the citrus-producing 
areas. Currently, there are approximately 1.5 million hectare of commercially-grown citrus in 
the world that produce about 40 million metric tonnes of Citrus viz., oranges, grapefruit, 
lemons, limes and tangerines. About 10% yield loss was estimated worldwide. This reduction 
Correspondence: Msmsoor Siddiqui, Plant Pa'J-.olog>'/Keniatolog>- Section, Depar tment of Botany, Aligarh Muslim L;niver,ii\, 
Aligarh - 202002, India. E-mail: mansoor_^576rediffmail.com 
ISSN 0323-5408 pnnt/ISSK 1477-2906 online ; 2005 Taylor & Francis Group Ltd 
D O I : I0.1080/032354005000a4316 
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in yield translates into a loss of some 40 million tonnes of fruit (Van Gundy & Meagher 1977, 
Hamid et al. 1985, Duncan & Cohn 1990). The citrus nematode is responsible for impeding 
the plant growth and development, forcing the grower to destroy the tree. Heavily infested 
roots are darker, swollen and irregular in appearance. Moreover, citrus fi"uit quality and yield 
has been negatively correlated with T. semipenecram infestation level (Timmer & Davis 1982, 
Noling & Duncan 1988). Seasonal fluctuation studies play an important role in the 
development of effective nematode management strategies (Siddiqui 2003, Siddiqui & Alam 
1988, Siddiqui et al. 1988), yet few attempts have been made regarding fruit trees. It was, 
therefore, considered desirable to determine the population fluctuations of plant par<n<;itic 
nematodes around the roots of two imponant commercial species of Citnis fruits, orange 
{Citrus reticulata Blanco) and lemon, acid or sour lime or kaghzi nimbu (C. aurantifolia 
Christm.) Swingle. Although the parasitic namre and imponance of the nematodes other than 
Citrus nematodes associated with citrus roots are not clearly understood, they were included 
in the present studies. 
Materials and methods 
A grove of orange. Citrus reticulata Blanco and lemon. Citrus aurantifolia (Christm.) Swingle 
Family-Rutaceae growing in Naqvi Park, Aligarh was selected. The grove was heavily infested 
with the lance nematode, Hoplolaumts indicus Sher, the spiral nematode, Helicotylcuchus indicus 
Siddiqi, Xiphinema americanum Cobb, Pratyletichus coffeae (Zimm.) Filipjev <Sc Stekh, the citrus 
nematode, Tylenchidus seniipenetraris Cobb and the ring nematode, Heniicriconenioides 
maugiferae Siddiqi. In each case soil samples were collected from five plants randomly 
situated in the grove at monthly intervals from January 2001 to December 2001 from the roots 
of the orange and lemon trees. The soil samples were taken with help of a soil sampler at a 
distance of 25 cm from the trunk of the tree and at 10, 20, 40 cm depth. The soil depths were 
referred as upper, middle and lower layers. The samples from an individual plant were 
comprised o f t en cores (2 x 20 cm) near the feeder roots of the trees. The soil samples from 
each depth were kept separately. The soil samples from the same depth were thoroughly 
mixed and a soil sub sample of 200 g was processed with the help of Cobb's sieving and 
decanting method along with modified Baermann funnel technique (Southey 1986) and the 
nematode population determined. Each value was an average of five replicates. Soil 
temperature ("C), moisture (%) and pH were noted at the time of each soil sampling. Data 
was statistically analysed for critical difference (CD) at p = 0.05 and p = 0.01 (Panse & 
Sukhatme 1978). 
Results 
The average soil population of Hoplolaimm indicus (Average of 10, 20, 40 cm depths) 
around the roots of orange was observed 10, 20, 37, 30, 5, 3, 60, 73, 40, 28, 15 and 18 
during the months of January, February, March, April, May, June, July, August, 
September, October, November and December respectively. The corresponding figures 
for Helicotylenchus indicus were 8, 18, 27, 47, 38, 12, 30, 67, 35, 22, 17 and 12; Xiphinema 
americanum 43, 93, 127, 580, 97, 37, 62, 102, 57, 57, 140 and 55; for Pratylerichus zeae 
60, 93, 133, 49, 110, 47, 73, 117, 63, 52, 139 and 53; for Tylenchulus semiperieirans 173, 
230, 510, 1913, 63, 107, 387, 150, 137, 313 and 303; for Hemicriconemoides mangiferae 18, 
30, 33, 43, 47, 23, 33, 67, 27, 27, 27 and 7. The average total population of plant 
parasitic nematodes (Tylenchids) was 313, 485, 867, 3107, 907, 215, 375, 812, 372, 322, 
533 and 410 (see Table I and Figure 1). 
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Figure 1. Influence of soil pH, moisture and temperature on nematode population densities in diflerent seasons. 
The average soil moisture (%) around the roots of orange was 20.53, 11.55, 10.02, 9.11, 
5.64, 1.94, 7.24, 16.31, 10.49, 6.58, 2.97 and 6.31% during January, February, March, April, 
May, June, July, August, September, October, November and December respectively. The 
corresponding figures for soil temperature were 15, 17, 19, 27, 31, 39, 37, 31, 33, 30, 26 and 
20"C. The pH (hydrogen ion potential) of soil ranged from 5 . 1 0 - 8 . 4 0 (see Table II and 
Figure 1). 
The average soil population of Hoplolaimm indicus (average of 10, 20, 40 cm depths) 
around the roots of lemon was observed 7, 10, 12, 10, 5, 4, 48, 51, 20, 17, 5 and 7 during 
January, February, March, April, May, June, July, August, September, October, November 
and December respectively. The corresponding figures for Helkotyleiichns indicus were 2, 4, 
10, 18, 11, 6, 18, 51, 19, 12, 10 and 3; ior Xiphinema americanum 40 ,88 , 129, 593, 89, 35, 58, 
104, 59, 57, 133 and 41; for Pratylenchus coffeae 27, 95, 147, 523, 97, 37, 63, 107, 73, 70, 132 
and 35; for Tylenchulus semipenetrans 168, 228, 509, 2062, 631, 114, 152, 389, 145, 124, 358 
and 71; for Hemicriconemoides mangiferae 15, 20, 19, 37, 23, 17, 35, 53, 17, 8, 10 and 3. The 
average total population of plant parasitic nematodes (Tylenchids) was 288, 445, 825, 3242, 
856, 216, 374, 756, 332, 288, 648 and 127 (see Table HI and Figure 2). 
For lemon, the average soil moisture (%) was 19.62, 11.37, 9.85, 8.98, 5.38, 1.87, 6.87, 
17.03, 10.12, 6.38, 2.93 and 6.21% during January, February, March, April, May, June, July, 
August, September, October, November and December respectively. The corresponding 
figures for soU temperature were 14, 16, 17, 26, 30, 36, 35, 30, 32, 29, 25 and 19°C. The pH 
(Hydrogen ion potential) of soil ranged from 5 . 0 0 - 8 . 3 0 (see Table IV, and Figure 2). 
The population densities of the plant-parasitic nematodes was highest in the upper 10 cm 
layers followed by 20 cm and 40 cm layers. Observations clearly show that the multiplication 
of Tylenchulus semipenetrans was higliest on orange and lemon. It was followed by Pratylenchus 
coffeae, Xiphinema americanum, Helicotylenchus indicus, Hoplolaimm indicus and Hemicricone-
moides mangifere. It shows tliat orange and lemon are a good host for Tylenchulus semipenetrans, 
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TABLE III. Data of soil pH, temperature and moisture from January 2001 to December 2001 around the roots of 
orange, Citrus reticulata. 
Moisture (%) at different depths (cm) 
Period pH 
Temperature -
(°C) 10 20 40 Av. 
January 7.80 15 15.74 20.80 25.07 20.53 
February 8.10 17 13.33 10.13 11.20 11.55 
March 5.10 19 11.27 9.33 9.47 10.02 
April 5.90 27 11.07 8.67 7.60 9.11 
May 8.20 31 3.60 6.93 6.40 5.64 
June 8.40 39 2.31 1.73 1.53 1.94 
July 5.60 37 8.40 5.60 7.73 7.24 
August 5.40 31 18.67 20.00 15.60 16.31 
September 5.70 33 9.33 11.87 10.27 10.49 
October 6.00 30 4.67 6.13 8.93 6.58 
November 6.10 26 3.07 3.47 2.37 2.97 
December 6.20 20 8.67 4.13 6.13 6.31 
Av = Average soil moisture of 10, 20 and 40 cm depths. 
pH = Hydrogen ion potential. 
MnyTIB 
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Figure 2. Influence of soil pH, moisture and temperature on nematode population densities in different seasons. 
indicus, Hoplolaimus indiciis and Hemicnconemoides mangiferae (see Tables I and 11, Figures 1 
and 2). 
The results presented and summarized in Tables I - IV and Figures 1 and 2 show that the 
multiplication cf plant parasitic nematodes was highest in August when soil moisnore contents 
were more. During dry periods, the nematode population decreased and increased when the 
orange and lemon plants were irrigated. At higher moisture levels the nematode population of 
different species was highest on orange and lemon. In orange orchards the nematode 
- 5 1 -
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TABLE IV. Data of soil pH, temperature and moisture from January 2001 to December 2001 around the roots of 
lemon, Cilrus aurattiifolia. 
Temperature 
Moisture (%) at different depths (cm) 
Period pH ( C ) 10 20 40 Av. 
Januarj' 7.70 14 15.50 20.30 23.07 19.62 
February 8.00 16 13.10 10.00 11.00 11.37 
March 5.00 17 11.17 9.13 9.24 9.85 
April 5.60 26 11.07 8.57 7.30 8.98 
May 8.10 30 3.50 6.44 6.20 5.38 
June 8.30 36 2.50 1.80 1.30 1.87 
July 5.30 35 8.10 5.50 7.00 6.87 
August 5.40 30 18.00 19.10 14.00 17.03 
September 5.60 32 9.20 11.00 10.17 10,12 
October 6.10 29 4.50 6.00 8.64 6.38 
November 6.70 25 3.00 3.50 2.30 2.93 
December 6.30 19 8.50 4.13 6.00 6.21 
Av = Average soil moisture of 10, 20 and 40 cm depths. 
pH = Hydrogen ion potential. 
population increased when the soi] pH was 5.10 (March), 5 .90 (April), 5.60 Quly), 5.40 
(August), 5 .70 (September), 6.00 (October), 6 .10 (November) and 6 .20 (December). The 
nematode population decreased when the soil pH was 7.80 Qanuary), 8 .10 (February), 8.20 
(May) and 8.40 in June (see Table III, Figure 1). A similar trend was observed in the case of 
lemon (see Table IV, Figure 2). 
Discussion 
The decline in the nematode population in May-June can be due to the increase in soil 
temperature (31 -39'"C) which leads to drought conditions. In dry conditions the decrease in 
the nematode population may be due to the desiccation or migration of nematodes deep into 
the soil. Low soil moisture has the effect of severely decreasing the nematode population. 
\X'Tien the moisture contents dry consequentiy the cormection of soil in soil solution increases 
and the nematodes are subjected to increased stress (Dropkin 1980). Physiological stress on 
plants due to soil moisture deficit affects the nitrogen content of plants (Grandison 1973, 
Grandison & Wallace 1974). The orange and lemon plants contain limonoids which impan 
bitterness to the fhiits/juice. Limonoids are present in leaves, twigs, firuits and seeds (Wealth 
of India 1992). The plant limonoids can be decreased in nematode-infested plants especially 
with T. seviipenetram which after severe infection causes slow decline die back disease (Ismail 
et al. 1997). 
T h e low soil temperature in December and January combined with soil moisture content 
can be suspected to be responsible for the reduction in the nematode population. 
Enwronmental conditions that stress the tree in extreme fluctuations in soO moisture and 
temperature exacerbate the effects of the citrus nematode parasitism (Van Gundy 1986). 
Moreover, the growth of the host plant may be related to the population fluctuation in 
nematodes (Oostenbrink 1966). This possibility cannot be ruled out in the present 
investigations. 
By and large, the population of plant parasitic nematodes was highest in the upper 10 cm 
layer. It can be due to the presence of more feeder roots and roodets in its upper 10 cm layer. 
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The pH also indirectly affects the nematode population (Lowenberg et al. 1960, 
Gnanapragasam 1987, Urek 1998). At 5 . 1 - 6 . 5 pH the population of Praiylenchus penetrans 
is maintained in most agricultural lands, but multiply best at 5 . 5 - 5 . 8 . At pH 6.6, the 
nematode population decreases rapidly (Morgan & MacLean 1968). The population of 
Pratylenchus alletii and P. penetrans was highest at pH 6.0 (Kimpinski & Willis 1981). The p H 
level below 5.00 and above 8.00 has an inhibitory effect on nematode populations (Wallace 
1965, Bums 1971). 
These possibilities cannot be ruled out in the present case where the nematode population 
increased at pH ranged from 5 . 0 0 - 6 . 3 0 but decline at pH ranged from 7 . 7 0 - 8 . 4 0 . 
From the above research findings it can be concluded that changes in the population of the 
plant parasitic nematodes has direct correlation with the soil moisture level. The population of 
different nematode species was higher at higher moisture levels whereas it declined during dry 
conditions. The pH also indirecdy affect on the nematode population. Our results are in 
agreement with Dao (1970), and Saeed and Ghaffar (1986). The plants may be managed to 
adopt life cycle when the soil moisture percent is low. This can help avoidance of infestation 
on the plant. These studies may go a long way in the Nematode management programme. 
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AbseracS 
Mango, Mangifera indica L. Family - Anacardiaceae, an economically i—.ponant fruit tree, w£s 
^ selected to study the effect of seasonal changes of the population of plant parasitic nematodes viz., 
OJ Hoplolaimiis indicus, Helicotylenchus indicus, Rotylenchulus reniformis, Tylenchorhymchus mashoodi, 
g Tylenchus filifomiis and Hemicriconemoides mangiferae around the roots. The population was investigated 
c at 10, 20 and 40 cm depths. It was observed that seasonal f.uctuations have a direct effect on the 
b nematode population. The population was larger at 10 cm depth followed by 20 and 40 cm depths. 
^ The largest nematode population was observed when the percent soil moisture was high. Both scil 
temperature and soil moisture were equally important. The soil pK also affected indirectly the 
nematode population densities. 
KsywoMss Seasonal changes, moisture, temperature, pH, nematode management, mango 
Plant parasitic nematodes are not isolated microorganisms. They are affected by all factors 
affecting the niche of their habitat. Many of these factors have been exploited for managing 
the noxious popuiatioR of nematodes. The role of major er.viror.menta'i factors, especially 
soil environment, temperature, pPI value and soil moisture, influence lae nematode 
population and plant growth (Eguniobi 1981; Komobis IQSla, b; Van Gundy 1985; Forge 
et al. . 1998). Knowledge about the mean density of nematode species inhabiting the 
rhizosphere of plants is of paramount importance when embarking disease management 
programmes (Haseeb et al. 1978; Khan et al. 1980; Sabova et al. 1987), 
The control of plant parasitic nematodes around perennial crops is somewhat tricky 
as the population behaviour has direct bearing on adopting management strategies. 
Mango {Mangifera indica L., Family - Anacardiaceae) is one of the ir.ost important 'fniit 
crops of India and. other tropical countries. Little attention has been paid to the 
distribution pattern of plant parasitic nematodes associated with it. Hence , the present 
investigations were undertaken to determine the distribution of plant parasitic nematodes 
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Aligarh - 202 002, India. E-mail; mansoor_57(airedif6nail.com 




•6 Campus, Aligarh. Soii samples were coilected at monthly intervals from January 2001 until 
"l December 2001 around the roots of mango plants. The soil samples were taken at three 
• depths, viz., 10, 20 and 40 cm at a distance of 25 cm from the trunk of the tree with the 
2 help of a soil sampler. The depths were referred to as upper, middle and lower layers. Soii 
^ samples were collected f rom live trees randomly situated in the grove. The soil samples 
" from individual plants comprised of ten cores (2 x 20 cm). The soil samples from each 
ffl depth were kept separately. The soil samples from the same depth were mixed thoroughly 
^ and a representative soi! sub-sample of 200 g was processed with the help of Cobb's 
§ sieving and decanting method along with the modified Baermann funnel technique 
(Southey 1986) and the nematode population was determined. Each value was an average 
of five replicates. Soil pH, temperature and moisture (%) were also recorded at the time of 
each sampling at monthly intervals. Data was statistically analysed for Critical Difference 
(CD) at p = 0.05 and p = 0.01 (Panse & Sukhatme 1978). 
Seasonal changes in the population of Hoplolaimus indicus, Helicotylenchus indicus, 
Rotylenchulus reniformis, Tylenchorhynchus mashoodi, Tylenchus filiformis and Hemicriconemoides 
mangiferae were studied in relation to soil pH, temperature and moisture at different soii 
layers, viz., upper (10 cm), middle (20 cm) and lower (40 cm) layers a round the roots of 
mango plants f rom January 2001 until December 2001. The results clearly indicate that 
seasonal conditions have a direct effect on the nematode population densities (Tables I, 11, 
Figure I). 
The average soil populations of Hoplolaimus indicus, Helicotylenchus indicus, Rotylenchulus 
reniformis, Tylenchorhynchus mashoodi, Tylenchus filiformis and Hemicriconemoides mangiferae 
and the average total population of plant parasitic nematodes (Tylenchids), in the months 
of January to December, can be seen in Table I and Figure 1. 
The soil population of plant parasitic nematodes was observed highest in the upper layer 
(iO cm). It was followed by middle layer (20 cm) and lower layer (40 cm) depths. The 
results also indicate that the multiplication of Hoplolaimus indicus was more. It indicates 
that mango can be treated as a good host for H. indicus, a moderate host for T. mashoodi 
and T. filiformis, and a poor host for H. indicus (Table I, Figure 1). 
The average soi! moisture (%) was 8.46, 10.80, 9.20, 7.99, 5.33, 3.06, 15.64, 16.95, 
8.22, 8.66, 2.72 and 9.87% during January, February, March, April, iVlay, June, 
July, August, September, October, November and December . The corresponding 
figures for soC temperature were 17, 19, 21, 30, 33, 39, 37, 33, 35, 32, 28 and 
c 
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around the roots of mango at 10, 20 and 40 cm depths and the influence of seasonal 
o fluctuations on the nematode population in a year-long study from January 2001 until 
° December 2001. ^ 
3 —) o ^ Maiteirifflls ffljnd mmettlhrodls 
§ A grove of mangoes, Mangifera indica L., Family - Anacardiaceae heavily infested with some 
5 important plant parasitic nematodes, viz., the lance nematode, Hoplolaimus indicus Sher, the 
g spiral nematode, Helicotylenchus indicus Siddiqi, the reniform nematode, Rotylenchulus 
g reniformis Linford & Oliviera, the stunt nematode, Tylenchorhynchus mashoodi Siddiqi, the 
S filiform nematode, Tylenchus filiformis Butschli and the ring nematode, Hemicriconemoides 
o mangiferae Siddiqi, was selected near Victoria gate at the Aligarh Muslim University 
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Table I. Population densities of plant parasitic nematodes associated with mango {mangifera indica L.) at difTerent 
g depths. 
Nematode population per 200 g soil CD 
PPN (cm) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec p = 0.05 p = 0.01 
Hop ;o 20 24 27 45 40 22 57 63 20 27 18 27 11.08 14.79 
20 7 25 30 29 28 23 47 50 23 24 17 23 12.50 16.70 
40 5 12 iS !9 20 10 17 27 12 15 12 10 9.63 12.86 
Av. T ' 20 25 3! 29 18 40 47 18 22 16 20 iO.33 13.79 
Hel iO 22 24 28 39 33 23 42 62 42 27 18 19 13.13 17.53 
20 :9 21 26 29 26 19 34 59 34 25 10 14 12.70 16.97 
40 6 8 ' i 15 10 8 23 29 15 14 7 9 11.92 15.90 
Av. i6 18 22 28 23 17 33 50 30 22 12 14 12.97 17.32 
Rot !0 47 58 73 187 113 17 213 293 200 182 140 198 19.37 25.87 
20 47 65 67 119 96 13 176 248 183 133 119 147 16.98 22.67 
40 20 36 5i 97 57 - 118 220 170 119 83 126 16.01 21.38 
Av. 38 53 64 134 89 10 169 254 184 145 114 157 17.96 23.99 
Trh 10 27 36 56 100 44 23 41 60 33 23 18 27 16.55 22.11 
20 27 24 44 70 32 17 35 60 30 18 17 22 15.44 20.53 
40 !8 22 26 45 12 5 23 39 25 11 8 12 14.07 18.80 
Av. 24 27 42 72 29 15 33 53 29 17 14 20 15.16 20.25 
Tyl ;o 13 !9 50 187 30 15 213 360 206 180 120 207 18.32 24.48 
20 18 50 113 26 10 180 213 169 115 117 133 16.11 21.52 
40 - 7 12 78 - 5-_ 206 140 80 32 80 14.76 19.71 
Av. 8 37 ;26 22 8 148 260 172 125 90 140 16.61 22.19 
Hem .0 22 23 47 57 17 7 53 73 53 27 20 23 10.55 14.09 
20 22 23 30 55 17 7 30 57 30 17 18 10 9.91 13.23 
40 20 17 30 23 7 - - 13 45 ~ - - 8.62 11,51 
Av. 21 21 36 45 14 5 27 48 43 15 13 11 10.29 13.74 
To:al :c r 5 184 281 541 277 107 619 911 554 466 334 501 22.84 30,50 
20 133 176 247 386 225 89 502 687 469 332 298 349 21.47 28,67 
40 69 102 148 380 117 23 232 534 407 239 142 237 18.99 25,36 
Av. 218 154 226 436 206 73 450 712 476 346 259 362 20.54 27,43 
Sap :0 399 320 627 669 360 273 847 862 347 311 487 527 - -
20 253 147 277 424 253 220 740 424 333 180 273 487 - -
40 244 273 243 202 147 160 277 202 147 157 252 377 - -
Av. 299 247 382 432 253 218 621 496 276 216 337 464 - -
Data represents an average of five replicates. 
FPN, Plant parasitic nematodes; Hop, Hoplolaimus indicus; Hel, Hdicotylenchus indicus', Rot, Rotylenchulus reniformw, 
Trh, Tylenchorhynchus niashoodi; Tyl, Tylenchus filifomiis-, Hem, Hemicriconemoides mangiferae-, Total, Total plant 
parasitics nematodes; Sap, Total saprozoic; Av., Average of 10, 20 and 40 cm depths. 
22°C. T h e p K (hydrogen ion potential) of soi: raaged between 7 . 4 0 - 8 . 4 0 (Table II, 
Figure 1). 
Tne results presented and summarized in Tables I and II and Figure 1 clearly indicate tha: 
the population of plant parasitic nematodes was highest in August when the moisture content 
of the soil was more (16.95%). T h e nematode population declined during dry conditions of 
soil. It multiplied again when the mango trees were watered. Changes in nematode population 
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Table II. Data of soil pH, temperature and moisture from January 2001 to December 2001 around the roots of 
Mango, Mangifera indica L. 
Average soil 
Moisture (%) at different depths (cm) 
Period pK temperature (°C) 10 20 40 Av. 
January 7.70 17 15.86 15.06 15.47 15.46 
February 7.80 19 12.13 10.26 10.00 10.80 
March 7.85 21 8.26 9.73 9.60 9.20 
April 7.80 30 9.20 7.73 7.06 7.99 
May 7.90 33 6.13 6.00 3.86 5.33 
June 7.95 39 2.53 2.80 3.86 3.06 
July 8.20 37 14.13 17.33 15.46 15.64 
August 8.40 33 17.46 17.73 25.66 16.95 
September 7.90 35 6.80 9.46 8.40 8.22 
October 7.50 32 7.60 9.06 7.33 8.66 
November 7.45 28 2.93 3.06 2,16 2.72 
December 7.40 22 n . 0 6 11.13 7.43 5.87 
Av., Average soil moisture of 10, 20 and 40 cm depths; pH, Hydrogen ion potential. 
densities are correlated with soil moisture level and soil temperature. The population of 
different nematode species was higher at increased moisture levels whereas it declined during 
dry conditions. The soil p H was observed to have little influence on nematode population. 
The change in population densities of plant parasitic nematodes may be due to drought 
conditions. The drought conditions during the surnmer season (Aprils May and June) are due 
to continuously higher soil temperatures (30 -39°C) and less soil moisture content adversely 
affects the nematode population. In dry conditions, reduction in the nematode population 
may be due to desiccation or migration of nematodes deep in the soil. Physiological stress on 
plants due to soil moisture dencit affects the nitrogen content of plants (Grandison 1973; 
Grandison & Wallace :974). In the winter season (December and JanuEry), the Sow soil 
temperature (22 and i7 ' 'C) also might have an adverse effect on nematode population 
densities. These soil temperatures combined with soil moisture content can reduce the 
nematode population. Besides these factors it is likely that seasonal fiuctuations related to the 
growth of the host plant (Oostenbrink 1966), i.e. a temporary increase during each period of 
active growth followed by decline to a certain level which is characteristic of the host, also 
occurred in this study. 
The soil population of nematodes was highest in the upper soil layer (10 cm.), which can be 
due to the fact that more feeder roots were present at 10 cm. depth. Soil p H value, however, 
has only little influence on nematode population. 
Thus it can be concluded that the fluctuation of nematode population densities m.ight 
have been due to the direct effect of soil moisture and soil temperature or their 
combination. Our results conform with Dao (1970), Khan et al. (1971) and Saeed & 
Ghaffar (1986). 
In the present observations, the data about the distribution and fluctuation in the nematode 
population densities around the roots of mango in different seasons is of paramount 
importance. These studies would go a long way in pest (nematode) management 
programmes. 
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Seasonal Variations of Nematode Population 
in the Rhizosphere of Guava and Papaya 
Mansoor A. Siddiqui 
Plant Patholcgy/Nematoloyy Section, Department of Botany, Aligarh Muslim University, 
Aligarh - 202 002 India ^ 
ABSTRACT 
Two economical plants viz . guava, {Psidium guajava). an important small fruit tree and 
papaya, (Csr/ca papaya), an important rapidly growing and heavily yielding tree were 
selected for the study These two plants showed different population behaviour of plant 
parasitic nematodes viz., Hoplolaimus indicus, Helicotylenchus indicus, Rotylenchulus 
renifonnis, Tylenchorh/nchus brassicae, Tylenchus filiformis, Meloidogyne incognita and 
Hemicriconemoides mangiferae at 10, 20 and 40 cm depths during various seasons of the 
year. Plant parasitic nematodes attain an annual peak in the month of August and decline 
in the month of June. These nematode population fluctuations were observed directly 
affected by soil moisture, temperature, plant growth and indirectly affected by soil pH. The 
nematode population was higher at higher soil moisture content. The nematode population 
was drastically low in dry seasons. The nematode population was high in upper 10 cm 
layer followed by middle 20 cm and lower 40 cm layers. 
KEY WORDS : Seasonal iluctuation, soil pH, temperature, moisture, guava, mango, 
nematode population. 
"'ill' I'lwni inini'\ilal (,\< t' i,\I1v soil InuiM'i.iluH', (^lil nioisluvt', pi I vr\Kii", acri^ lion 
and osmotic potential play direct or indirect roles in regulating phylophagous nematode 
popul.ition (Wallace, 1965; Norton, 1978, Ferris, 1981; Egunjobi. 1981; Van Gundy. 
1985). The population density of phytoparasitic nematodes is correlated ivith the amount 
of damage to a plant. Knowledge about the mean density of nematode species inhabting 
the rhiz(j-,plK.':(; of i)lanls is of paramount importance in embarking nematode management 
programmes (Huang ct al.. 1084; Ferris, 1985; Almeida cl cl , 1987; Gaur et al., 1988, 
1993; Singh and Gaur, 1996). In perennial plants, it is necessary to study the nematode 
population during different seasons. Because changes in environmental conditions are 
important factors bes ides the host itself (Kornobis , 1 9 8 1 a . b; S idd iqu i , 1980; 
Sabova et al., 1987; Das and Mukhopadhyaya, 1990; Mukhopadhyaya and Sarkar, 1990) 
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Intensive location specific interdisciplinary research on the ecology of plant parasitic 
nematode pest species is necessary to understand the environmental relations, survival 
strategies and methods of increasing local abiotic and biotic environmental resistance to 
nematodes. Exhaustive studies are still needed to more knowledge about the effect of 
seasonal conditions on the changes in nematode population. The present investigation is, 
therefore, an attempt in this direction wherein the population of soil inhabiting nematodes 
around the roots of two fruit trees viz., guava, an important small fruit and papaya, an 
important rapidly growing and heavily yielding tree, were selected for the study. The soil 
pH, temperature and moisture during the period of Investigation have been recorded to 
determine their correlation, if any, on the population densities of nematodes from 
January 2001 to December 2001. 
Materials and Methods 
The groves of guava, (Psidium guajaua L.), at Allgarh Muslim University Farm and papaya 
(Cahca papaya L.), at Grand Trunk road near Sarsaul District Allgarh were selected. Both 
the groves were heavily Infested with the lance nematode, Hoplolaimus indicus Sher, the 
spiral nematode, Helicot^lenchus indicus Siddiqi, the renlform nematode, Roti^lenchulus 
reniformis Linford & Ollveira, the stunt nematode, T\^lenchorhynchus brassicae Slddiql, 
the filiform nematode, Ty/enc/iiis filiformis Butschll, the root-knot nematode, Mc/oidogytie 
incognita (Kofoid & White) Chltwood and the ring nematode, Hemicriconemoides 
mangiferae Slddlqi. The soil samples were taken at monthly Intervals in polythene bags 
from the roots of five guava and papaya plants. The soil samples were taken at 10, 20 
and 40 cm depths and 25 cm distance from the stem with the help of a soil sampler. 
These depths were described as upper, middle and lower layers. The soil samples were 
processed by Cobb's sieving and decanting technique alongwlth modified Baermann funnel 
method (Southey, 1986). Each value was an average of five replicates. Nematode 
population, soil pH, soil temperature ("C) and soil moislure (%) were recorded al 
time of each soil sampling. Data was statistically analysed for Critical Difference (C.D.) al 
0 .05 and P = 0 . 0 1 (Panse and Sukhatme, 1978). 
Results 
The results presented in Tables (1-4) and Figures (1, 2) show that the seasonal 
environmental factors such as soil temperature and soil moisture have a direct effect on 
the activity and rate of development and spread of Infection of nematode pests whereas 
pH value has indirect effect on nematode multiplication throughout the year. 
In guava, the average soil population of Hoplolaimus indicus (average of 10, 20 and 
40 cm depths) was 7, 17, 76, 70, 57, 17, 80, 97. 62, 47. 22 and 23 during January, 
February, March, April, May, June, July, August, September, October, November and 
December respectively. The corresponding figures for Helocoti^lenchus indicus vjere 5, 
14, 26, 19, 13, 3, 35, 38. 87, 40, 25 and 39; for Roti>lenchulus reniformis 10. 27, 77, 
-62 -
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33, 6. 7, 40, 252, 185, 113. 73 and 24; for T^lenchorhvnchus brassicae 26, 30. 60, 25, 
17, 7, 32, 80, 68, 44, 31 and 27; for T^^lenchus filiformis 13, 23, 71, 32, 17. 5, 27, 67, 
32, 22, 18 and 10; for Hemicriconemoides wangiferae 8. 18. 57, 51. 14. 4, 159, 24, 25, 
16, 5 and 17. The average fetal population of plant parasitic nematodes (Tylenchids) 
was 69, 132, 366, 230 , 123, 43, 369 , 778. 458, 282, 174 and 141 (Table 1, Fig. 1). 
The average soil moisture (%) around the roois ot guava was 21.13, 12.64,-10.89, 
9.00, 5.30, 2.43, 7 .33, 17.93, 11.00, 7.20. 2 .97 am! 6 .73 during January, Febniary, 
March, April, May, June, July, August, September, October, November and December 
respectively. The corresponding fiqvires for soil temperature was 17, 19, 21, 29, 33, 41, 
•J'). 3;?, 32, 28 cukI 22 "C. I hc pi I ranged bo(ween 5.2U lo 8 .50 ( Tdble 3 , Rg, 1), 
In papaya, tlit? average soil pfjpulation of / loplolairnus indicus was 9, 9, 23, 21, 11,3 , 
22, 37. 19, 14. 12 and 8 during January, February, March, April, May, June, July, August, 
September, October, November and December respe<.tively. The corresponding figures 
for /(eficoty/enc/ius indicu.s were 9. 15, 22. 17, 10, 5, 30, 111, 29, 13, 7 and 13; for 
lintvlrnrhihis rcniformis 102, 168. 151, 00 . 02. 182, 193. 138. 103, 97 and 62; for 
TylcnchoiDynclius brass'cac 21. 48, 68, 28. 20. 8, 48, 32, 28, 13, 13 and 27; for Ti/lenchus 
fihfonnis 13. 22, 37, 25, 8. 0. 28, 48, 32, 28, 13 and 32; for Meloidoqyne incognita 69, 
124, 99, 37, 50, 27, 22, 181, 95, 43, 11 and 13. The average total soil population of 
plant parasitic nematodes (Tylenchids) was 176, 321, 417, 273 , 198, 136, 331 , 568. 
274, 213, 162 and 152 (Table 2, Fig. 2). 
For papaya, the average soil moisture (%) was 18.43, 16.83, 14.03, 12.26, 12.73. 
7,83, 16.90, 19.37, 14.10, n . 4 3 , 10.13 and 15.63 during January, February, March, 
April, May, June, July, August, September, October, November and December respectively. 
The corresponding figures for soil temperature were 16, 18, 20, 26, 30, 40, 38. 32, 34, 
31. 27 and 21 ^C. The soil pH ranged between 5.2 to 8.5 (Table 4, Rg. 2). 
The nematode population was maximum in upper 10 cm layer of soil. Nematode 
multiplied on guava and papaya. Population of plant parasitic nematodes attained an 
annual peak in August and declined in June both in guava as well as papaya. M. incognita. 
I Id. indii us and R. rcni/ormi.s highly multiplied on gu.iv.i ,\n(i papaya. It shows that llicsc 
guava and papaya are good hosts for these nematodes. Whereas, Hoplolaimus indicus. 
Tylenchorhynchus brassicae multiplied moderately and Hemicriconemoides mangiferae 
multiplied poorly on guava and papaya (Tables 1, 2 & Figs.l, 2). 
In August when the soil moisture was high the nematode population was maximum. 
In dry weather nematode population decreased and again increased when the guava and 
papaya groves were irrigated In the groves of guava the nematode population increased 
when the soil pH were 5 .20 (March), 6 .00 (April), 5 .50 (August), 5 .80 (September), 
6 . 1 0 (October), 6 . 2 0 (November) and 6 . 3 0 (December). The nematode population 
declined when the soil pH was 7.90 (January), 8 .20 (February), 8 . 3 0 (May) and 8.50 in 
December (Table 3, Fig. 1). Similar trend was observed in case of papaya (Table 4. Rg. 2). 
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D i s c u s s i o n 
The drought condition may be lesponsiljlo for lh»3 decrease in nemjttode popuUlion. The 
dry conditions in April. May and June were due to high soil temperature (29 "C - 41 °C). 
Desiccation o( soil ^nd olhcr suhstr^'ius c^ m^  be ncrTinlodus as t\K>y require thin 
film of water around them for their normal activity. They can slow down ihe rate of 
multiplication. In dry soil conditions decline in nematode population may be due to 
desiccation or migration of nematodes deep into the soil. Physiological stress on plants 
due to soil moisture deficit affects the nitrogen content of plants (Grandison, 1973; 
Grandison and W.ill.ice, 1974; Ciaur, 199r)). Tlu- culicular shealhs help the; nematodes to 
reduce the rate of water loss when Ihe soil begins lo dry. During dehydration and 
rehydration, nematodes consume considerable amounts of their energy reserves and can 
reduce their population densities (Gaur, 1994) . Less soil moisture severely affect the 
nematode population when the moisture contents dries the condition of soil solution 
increases and the nematodes are subjected to increase stress (Dropkin, 1980). In December 
and January low soil temperature combined with soil moisture can be responsible for 
nematode population decline. Besides this growth of host plant may be related to the 
changes in nematode population (Oostenbrink, 1966). 
The nematode population was highest in upper 10 cm followed by 2 0 and 4 0 cm 
depth. It can be due to the presence of more feeder roots in upper 10 cm. Spatial 
distribution of plant parasitic nematodes is one of the most characteristic properties 
(Taylor, 1971) . 
Pratylenchus penetrans multiplied at pH 5 .5 to 5 .8 and upto 6 .0 but decline at 6 . 6 
(Kimpinski and V/illis, 1981; Morgan and Mac Lean, 1968). The low pH 4 . 0 was associated 
with high levels of potassium, manganese and phenols in the soybean plant and the 
suberized outer layer developed in soybean roots (Burns. 1971). The pH below 5 .0 and 
above 8 . 0 may be inhibitory to nematodes (Wallace, 1965). 
Thus from the above results it can be concluded that seasonal fluctuation in nematode 
population inhabiting the rhizosphere of guava and papaya might be due to the direct 
effect of soil temperature, inoislure or their combination on the activity and rate of 
d e v e l o p m e n t of n e m a t o d e pests. The pH effect indirectly o n n e m a t o d e population 
(Lowenberg et al., 1 9 6 0 ; Gnanapragasam, 1987; Urek, 1998 ) . Our results are in 
conformity with Dao (1970) , Saeed and Ghaffar (1986). 
The infection of nematodes on plant can be managed to adopt life cycle when the soil 
moisture present is less. This will help avoidance of infestations on the plant. Thus the 
ecological factors can be essential while applying components such as chemicals on limited 
scale and biocontrol agents. These research findings indicate that plant parasitic nematodes 
associated with guava and papaya shows different population fluctuation behaviour during 
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Seasonal Changes of Nematodes Associated with Zizyphus 
jujuba and Syzygium Cuminii 
MANSOOR A. SIDDIQUI 
Plant Pathology/Nematology Section, Department of Botany, Aligarh Muslim 
University, Aligarh -202 002, U.P., India 
Abstract 
Studies from January 2001 to December 2001 were conducted to evaluate the 
population of some important plant parasitic nematodes which severely 
damage the roots, quality and yield of fruits of Zizyphus jujuba and Syzygium 
cuminii. The population of Hoplolaimus indicus, Helicotylenchus indicus, 
Tylenchus filiformis, Tylenchorhynchus mashoodi, Rotylenchuliis renijbrmis 
and Hemicriconemoides mangiferae was observed at 10, 20 and 40 cm 
depths. Throughout the study the nematode population was highest at 10 cm 
depth and at high percent soil moisture content in the rhizosphere of both the 
trees. Soil temperature and soil moisture content play equally significant 
roles and have direct effect on nematode population. The nematode 
population decreased in dry soil conditions. The soil pH also indirectly 
affected the nematode population densities. 
Keywords: Seasonal fluctuation, soil moisture, soil temperature, pH, 
nematode, Jambolan, Jujuba, control. 
Introduction 
Jujubes are deciduous or evergreen trees and shrubs, distributed in the 
tropical and subtropical regions of the world. About 17 species occur in India 
in a wild state. It appears that jujubes were eaten by the ancients of the 
chalcolithic age (1500 - 1000 B.C.). Z. jujuba is a native of North China from 
where it was introduced into West Asia 2500 - 3000 years ago. The fruits 
have been in cultivation for the last 400 years in India and China (Wealth of 
Correspondence : Mansoor A. Siddiqui, .Plant Pathology/Nematology Section, Department of 
Botany, Aligarh Muslim University, Aligarh - 202 002 (U.P.) India 




India, 2003). It is now widely cultivated in the plains d ^ u n j a b ; 
Uttar Pradesh and Rajasthan. The total area estimated under the fruit in India 
was to the tune of 1000 hectares, of which 55% was in M.P., 28% in Bihar, 
17% in U.P. and 2.5% in Tamil Nadu. The fruits are nutritious and have 
pectoral properties. 
Syzygium, a genus of trees or shrubs distributed in the tropical areas. 
Some species bear edible fruits and a few yield timber. About 75 species have 
been reported from India. It is cultivated throughout India. The loamy, deep 
and well drained soils are suitable for optimum growth and development. It is 
drought resistant, but grows big and yields heavily on soils retaining 
moisture. The reproduction is by direct sowing or transplanting in August-
September. Application of 74 kg farmyard manure per tree during the bearing 
period is beneficial. Trees begin to bear fruit in 8-10 years. Fruiting may 
continue for 60-70 years. Fruits ripen during June-August. Ripe fruit is 
widely eaten in India. It is generally subacidic and astringent to taste. 
Extracts of bark, seeds and leaves are used in treatment of diabetes. 
Though Jujuba and Jambolan are affected by many bactcrial and fungal 
diseases. But little attention has been paid towards the damage, distribution 
pattern and seasonal fluctuations in the population of plant parasitic 
nematodes around the roots of both the plants. Hence, the present 
investigations were undertaken to determine the distribution pattern and 
population dynamics of plant parasitic nematodes associated with jambolan 
and Jujuba from January 2001 to December 2001. 
-77-
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Materials and methods 
The groves of 20 years old Jujuba/ber, Zizyphus jujuba Mill. Family -
Rhamnaceae growing in Naqvi Park, Aligarh and 25 years old Jambolan, 
Syzygium cuminii (Linn.) skeels Family - Myrtaceae at the road side near 
Botany Department, Aligarh Muslim University, Aligarh were selected for 
the study. Both the trees were highly infested with some important plant 
parasitic nematodes viz., the lance nematode, Hoplolaimus indicus Sher, the 
spiral nematode, Helicotylenchus indicus Siddiqi, the rcniform nematode, 
Rotylenchulus reniformis Linford & Oliveira, the stunt nematode, 
Tylenchorhynchus mashoodi Siddiqi, the filiform nematode, Tylenchus 
filiformis Butschli and the ring nematode, Hemicriconemoides mangiferae 
Siddiqi. The soil around the roots of Jujuba and Jambolan was well-drained, 
sandy loam with sufficient moisture and decaying organic matter. The Jujuba 
and Jambolan trees were irrigated as and when considered necessary. At 
monthly intervals. Soil samples were collected from the rhi/.osphcrc oi' live 
Jujuba and five Jambolan plants randomly in polythene bags. 
The soil samples were collccted from the hollow side of soil sampler al 
10, 20 and 40 cm depth and at a distance of 25 cm from the trunk. I'he three 
soil layers were referred as upper, middle and lower layers. I he soil samples 
from each individual tree comprised of ten cores (2 x 20 cm). The soil 
samples from the same depth were kept separately and mixed thoroughly with 
the help of quartering and coning method. Soil sub samples of 200 g from 
each depth were processed by Cobb's sieving and decanting teconique 
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combined with modilled Bacrmann tunnel method (Southey, 1986).-
Nematodes were then fixed in a fixative known as Formalin Aeeto Alcohol 
(FAA) with the ratio of Formalin 5 cc, Acetic acid 5 cc and Ethyl Alcohol 90 
cc (50% ethyl alcohol) and identified at specific level on the basis of 
morphological characters, liach value was an average of live rcplicalcs. 
Moreover, soil pH, soil temperature (°C) at 10, 20 and 40 cm depth were 
taken and average soil temperature was calculated. Soil moisture content (%) 
on a dry weight basis was also recorded at the time of each soil sampling. 
Data v/ere statistically analysed for C.D. (Critical Difference) at P=0.05 and 
P=0.01 (Panse and Sukhatme, 1978). 
During the course of investigations the raining months were July, 
Augiist and September and the during these months the average rainfall was 
100-190 cm. 
Results 
The seasonal fluctuation in the population of Hoplolaimus indicu.s, 
Helicotylenchus indicus, Rutylenchulus renifonnis, Tylenchurhynchus 
mashoodi, Tylenchus filifonnis and Hetnicriconemoides mangiferae were 
studied in relation to soil hydrogen potential (pH), soil temperature (°C) and 
soil moisture content (%) at 10 (upper), 20 (middle) and 40 cm (lower) depths 
around the roots of Jujuba and Jambolan. The results presented in Tables (I-
IV), Figures (I-II) clearly indicate that seasonal environmental variations has 
direct effect on the population densities of plant parasitic nematodes. 
During the course of study it was observed that the soil population of 
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plant parasitic nematodes was highest in the upper soil strata (10 cm depth) 
The trend of the nematode population in decreasing order was Ibllowed by 20 
(middle layer) and 40 cm (lower layer) depths around the roots of Jujuba and 
Jambolan. The multiplication of Hoplolaimus indicus was higher than other 
nematodes, ll was followed by Tvlcnchorhvnchus mashoodi, Helicotylcnchus 
indicus, Rotylenchulus reniformis, Tylenchus filifonnis and 
Hemicriconemoides mangiferae. The population of Hemicronemoides 
mangiferae was found least during the study (Tables I, II & Figs. I, II). 
The average soil moisture content (%) ranged between 2.97-18.10%. 
The average soil temperature (°C) ranged from 14-35°C and the pH (hydrogen 
ion potential) from 5.30-8.20 during January to December in Jujuba (Taole I). 
The average soil moisture content (%) for Jambolan was ranged between 
2.87-17.87%. The average soil temperature ranged from 15°-36°C and the pH 
from 5.40-8.30 during January to December around the roots of Jambolan 
(Table II). 
The population of plant parasitic nematodes was more in the month of 
August. In dry weather the number of nematodes declined. The nematode 
population increased again when the groves of Jujuba and Jambolan were 
watered. At high moisture level the population of nematode species was 
maximum and decreased during the dry hot condition. It indicates the 
correlation between soil moisture and soil temperature. 
In Jujuba groves the population of nematodes increased when the soil 
- 8 0 -
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pH were ranged from 5.30-6.50 in March, April, July, August, September, 
October, November and December and decreased when soil pH was ranged 
from 7.80-8.10 in January, February, May, June (Table III, Fig.I). Similar 
trend was observed in case oijambolan ( Table IV, Fig.II). 
Discussion 
The change in the population densities of plant parasitic nematodes in May-
June appear to be due to the less moisture content. The dry conditions during 
summer season from April to June may be due to the higher soil temperature 
(25°C - 35°C) in the rhizosphere of Jujuba and 25.1°C - 35.5°C in the 
rhizosphere of Jambolan. The rise in soil temperature leads to the desiccation 
or migration of nematodes deep into the soil profile. The cuticular sheaths 
help the nematode to reduce the rate of water loss when the soil begins to dry. 
During dehydration and rehydration, nematodes consume considerable 
amount of their energy reserves and can reduce their population densities 
(Gaur, 1994). Less soil moisture content highly affects the nematode 
population as it is correlated with increase in salt concentration of the soil 
solution thus stressing nematodes (Dropkin, 1980). The population of plant 
parasitic nematodes was always high in the upper (10 cm) soil layer, certainly 
because of the more feeder roots of Jujuba and Jambolan were present in this 
area. In the months of December and January, the low soil temperature (20°C 
& 15"C) combined with soil moisture content can be responsible for the 
decrease in nematode population. Environmental conditions that stress the 
tree in extreme lluctuations in soil moisture and temperature exacerbate the 
- 8 1 _ 
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effects of the nematode parasitism (Van Gundy, 1986). Moreover, the plant" 
growth can be directly related to the population lluctuation in nematodes 
(Oostenbrink 1966, Siddiqui 2003, Siddiqui & Alam 1988, Siddiqui et al. 
1988). 
The pll also indiiectly elTcets on nematode population (Lowenherg cl 
al. 1960, Gnanapragasam 1987, Urek 1998). At pH 5.5 to 5.8 the population 
of Pratylenchiis penetrans thrives best, but decline r a p i d l y at p i I 6.6 
(Kimpinski & Willis 1981). The pH below 5.00 and above 8.00 have 
inhibitory effect on nematode population (Jones 1986, Burns 1971). I hcse 
possibilities can not be ruled out in the present research findings. 
Thus from the above research findings it can be concluded that 
seasonal change in nematode population in the rhizosphere of Jujuba and 
Jambolan might be due to the direct effect of soil moisture level and soil 
temperature or their ct)mbination. The population of dilTerciU nematode 
species were higher at higher soil moisture levels which may also effect the 
soil pH which is also responsible for the change in nematode population (Dao 
1970, Saeed & Ghaffar 1986). 
These study would go a long way in Nematode Management 
Programme. 
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SEASONAL FLUCTUATIONS 01< NEMATODE POPULAITON 
ASSOCIATED WITH GRAPES AND INDIAN GOOSEBERRY 
MANSOOR A. SIDDIQUI 
Department of Botany, Aligarh Muslim University, Aligarh - 202 002, India 
ABSTRACT 
In a field two economically and medicinally important plants viz., 
grapes and Indian gooseberry were selected to determine the nematode 
population changes around their roots. The population of Hoplolaimus 
indicus, Helicotylenchus indicus, Rotylenchulus reniformis, Meloidogyne 
incognita and Tylenchorhynchus Brassicae multiplied freely on both the 
perennial plants. Poor multiplication of Xiphinema americanum and 
Hemicriconemoides mangiferae was on grapes and Tylenchus filiformis on 
Indian gossebeny. The nematode population was high in 10 cm layer 
followed by 20 cm and 40 cm layers. At higher percent soil moisture the 
nematode population was high. Soil temperature and moisture have direct 
effect on nematode population multiplication. The pH (Hydrogen ion 
potential) also effect ii^lirectly on nematode population densities. 
INTRODUCTION 
Grapes, Vilis vinifera L., Family - Vitiaceae are one of the 
cosmopolitan crops of agriculture furnishing fresh fruits, raisins and wines 
to most of the world. They are distributed in the temperate and subtropical 
regions chiefly of Northern Hemisphere. World wide production of V. 
vinifera is now 65.2 million metric tons growing nearly 10.1 million 
hectares of land. In India, the total production of grapes was estimated at 
172,650 tonnes in 8,027 hectares, which is amongst the highest in the 
world It is now known that there are many plant parasitic nematodes that 
attack on grapes Some nematode species are pathogenic to V. 
vinifera are root parasites and cause specific types of root malformations 
and/or distortions. The grape plants weaken gradually failing exhibit a 
-93-
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sparse canopy and even dead vines. Crop losses due to the damage of plants 
parasitic nematodes was estimated 20% of the crop value. Van Gundy in 
1983 evaluated the crop value at about US $ 950 million with the loss 
totalling US $ 190 million. In Washington, an estimate of 10% crop loss 
was made comprising US $ 3.9 million on a crop valued at US $ 39 million. 
Indian gooseberry^on/a, Emhlica officinalis Family - Euphorbiaccae 
is probably the richest known natural source of vitamin C. It is cultivated 
throughout the greater part of India. The fruit juice contains nearly 20 times 
as much as vitamin C as orange juice. It is much used for making pickles, 
preserves and jellies. The fruit, bark and leaves are rich in tannins. Dried 
fruit is used as a shampoo for hairs The plant is affected by many fungal 
diseases but little attention has been paid towards the damage due to 
nematodes. In the present investigations an attempt has been made to 
determine the distribution of plant parasitic nematodes around the roots of 
grapes and Indian gooseberry at 10, 20 and 40 cm depth and the influence of 
seasonal fluctuations on the nematode population in a year study from 
January 2001 to December 2001. 
MATERIALS AND METHODS 
The groves of grapes, Vitis vinifera L. Family - Vitiaccae at Sarfaraz 
House, Aligarh Muslim University campus and Indian goosthcxvy!Aonla, 
Emblica ojfici/ialis Gaertn. Family - Euphorbiaccae at Naqvi Park, Aligarh 
were selected for one year study. The groves were heavily infested with 
plant parasitic nematodes viz., (he lance nematode, Iloplolaimus iiic/icti.s 
-oL^ 
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Slier, the spiral nematode, Helicotyleiicliiis nuiicns Siddiqi, the renilonn-
nematode, Roiylcnchiihis rcniformis I.inford iK: Oliveira, the stunt nematode, 
Tylenchorhynchus brassicue Siddiqi, llic dagt^cr ncmalodc, Xiphnwma 
americanum Cobb, the filiform nematode, Tylenchus filifonnis Butschli, the 
ring nematode, llcmicnconcinoidcs ludnyjjcrac Siddiqi and the root-knot 
nematode, Meloitlogyne incognita (Kofoid & White) Chitwood. The soil 
samples were collected in polythene bags from the roots of five plants each 
of grapes and Indian gooseberry randomly with the help of soil sampler. The 
soil samples were taken at 10, 20 and 10 cm depths and at a distance of 
25 cm from the stems of plants. The three depths were named as upper (10 
cm), middle (20 cm) and lower (40 cm) depths. Soil samples of the same 
depths were mi.xed thoroughly and kepi separately. Soil samples were 
processed with the help of Cobb's sieving and decanting technique 
combined with modified Baermann funnel methods Soil population of 
nematodes, soil temperature (°C), soil pll and soil moisture (%) were 
recorded at the time of each soil sampling. Data was statistically analysed 
for Critical Difference (C.D.) at P - 0.05 and /' - O.Ul " " . 
RESULTS 
Results presented in Tables (1,2) Figures 0 . 2 ) clearly show that the 
population of plant parasitic nematodes around the roots of grapes and 
Indian gooseberry were directly affected by seasonal environmental changes 
throughout the year. Population changes of Hoplolaimus uu^icus, 
Helicotylenchus indicus, Rolylcnchi/lus rcniformis, 7'ylcnchorliviicln/s 
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brassicae, Xiphincma ainericamim, Tyknchus filiformis, Hemicriconemoides 
mangiferae and Mcloiclogyin; incognita were observed in relation to soil pH, 
soil tcmperatuic C'C) and soil moisture (%) at 10, 20 and 40 cm depths at a 
distance of 25 cm from January 2001 to December 2001. 
In grapes, the average population of Hoplolaimus indicus (Average of 
10, 20 and 40 cm depths) was 7, 17, 75, 60, 8, 5, 6, 16, 9, 7, 40 and 40 from 
January, February, March, April, May, June, July, August, September, 
October, November and December respectively. The corresponding figures 
for UclicoivU'iicluis indicii.s were 9, 18, 123, 123, 22, 17, 130, 146, I 16, 63, 
57 and 1 13; for Roivlcnchuhis ivniformis 13, 22, 38, 11, 12, 8, 43, 147, 73, 
29, 20 and 33; for Tylcnchorhynchus bras.sicac 13, 22, 37, 30, 25, 17, 47. 
148, 77, 33, 20 and 23; for Xiphinema amcncanum 12, 33, 40, 33, 30, 10. 
40, 1 10, 57, 23, 13 and 20; for Hemicriconcmoidcs mangiferae 6, 1 1, 19, 32. 
6, 0, 2, 54, 17, 6. 6 and 7; for TyU-nchus jiliformis 21, 48, 69, 40, 23, 13, 48, 
32, 28, 13, 18 and 27; for Meloidogync incogiiiui 19, 26. 22, 9, 7, 2, 2 2, 48, 
3, 2, I and 3. The average total population of plant parasitic nematodes 
(Tylenchids) was 104, 203, 408, 389, 130, 79, 391, 796, 480, 317, 206 and 
273 (Table I. Fig. 1). 
The average soil moisture (%) around the roots of grapes was 18.20, 
17.07, 13.20, 12.03, 12.79, 7.73, 17.13, 19.53. 13.90, 11.03, 9.73 and 
15.80% during January', February, March, .'Xpril, May, June, July, August, 
September, October, November and December respectively. The 
corresponding figures for soil temperature were 15, 19, 21, 30, 33, 39, 37, 
- . 9 6 -
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32, 35, 32, 28 and 22 T . The pl l of soil ranged between 5.2 to 8.3 (Table 
Figure 1). 
In Indian gooseber ry , the average popula t ion of Hoplulaimus mdicus 
was 7, 17, 75, 60, 8, 5, 6, 16, 9, 7, 40 and 43 dur ing January , February , 
March , Apr i l , May, June, July, August , Sep tember , Oc tober , N o v e m b e r and 
D e c e m b e r respect ive ly . The co r respond ing f igures for Hehcotylenchus 
indicus were 3, 14, 26, 31, 19, 7, 85, 33, 10, 5 and 38; for Tylenchus 
filiformis 3, 8, 20, 48, 5, 0, 39, 230, 218, 60, 27 and 3:i; for 
Tylenchorhynchiis brassicae 29, 27, 60, 63, 25, 10, 32, 74, 40, 27, 25 and 
43; for Rotylenchulus renijormis 12, 23, 93, 41, 22, 10, 29, 407, 35, 22, 17 
and 36; for A4c'loidogyne incognita 27, 18, 52, 57, 14, 3, 139, 243, 22, 19, 6 
and 18. The average total popula t ion of plant paras i t ic nema todes 
(Ty l ench id s ) was 62, 106, 326, 258, 93, 32, 331, 1004, 348, 144, 119 and 
210 (Tab le 2, Fig. 2). 
For Indian gooseber ry , the average soil mois tu re (%) was 19.37, 
18.47, 13.53, 11.83, 12.87, 8.00. 17.00, 19.10, 17.77, 1 1.07, 9 .66 and 14.20 
dur ing Janua ry , February , March , Apri l , May, June, July, August , 
Sep t ember , Oc tober , N o v e m b e r and December respec t ive ly . The 
c o r r e s p o n d i n g f igures for soil t empera tu re were 14, 18, 20, 29, 32, 38, 36, 
31, 34, 30, 27 and 21. The pH of soil r anged be tween 5 .30 to 8.50 (Table 4, 
Fig. 2). 
The n e m a t o d e popula t ion was highest in upper 10 cm layer of soil, 
mode ra t e in 20 cm and lowest in 40 cm layers . All the n e m a t o d e s mul t ip l ied 
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on grapes. But Hoplolaimus indicus, Helicotylenchus IncJicus, Rolylenchulus, 
reniformis, Meloidogyne incognita and Tylenchorhynchus brassicae iiighly 
mul t ip l i ed on grapes and Indian gooseberry . It shows that g rapes and Indian 
goosebe r ry are the good hosts fo r these nematodes . Xiphinema americanum 
nnd Ifcniicriconciiiioidcs nuingijcrac mult ipl ied poorly on grapes . It shows 
tha t g rapes are poor hosts fo r these nema todes and Indian g o o s e b e r r y is poor 
hos t fo r Tylenchus filiformis (Tables 1, 2 & Figs. 1, 2). 
The popula t ion of plant paras i t ic nema todes was h ighes t in Augus t 
when soil mois ture were very high. Dur ing drought cond i t ions the nema tode 
popu la t ion decl ined and again increased when the grapes and Indian 
goosebe r ry p lants were watered . The popula t ion of d i f f e r e n t n e m a t o d e 
spec ies was h ighes t on grapes and Indian gooseber ry . In the g roves of 
g rapes the n e m a t o d e popula t ion increased when the soil pH were 5.2 
(March ) , 5 .90 (Apr i l ) and 5.40 (Augus t ) to 6 .20 (December ) . The nema tode 
popu la t ion dec l ined when the soil pH w a s 7.50 (Januar>'), 7.8 (February) , 
8.2 ( M a y ) and 8.3 in June (Table 3, Fig. 1). Similar t r end was obse rved in 
case o f Indian gooseber ry (Table 4, Fig. 2). 
D I S C U S S I O N 
The dec rease in nema tode popula t ion in May- June may be due to high 
soil t e m p e r a t u r e (32 -39 °C) which leads to des icca t ion or migra t ion of 
n e m a t o d e s deep into the soil Low soil mois tu re is also he lp fu l in 
d e c r e a s i n g the n e m a t o d e popula t ion . W h e n the mo i s tu r e con ten t s dry 
c o n s e q u e n t l y the connec t ion of soil in soil solut ion increases and the 
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n e m a t o d e s are subjected to increased stress The low soil t empera tu re iji 
D e c e m b e r and January a longwith mois ture contents may be the fac tor for 
n e m a t o d e popula t ion decl ine . The f luc tuat ion of n e m a t o d e dens i t i es might 
have been due to the direct e f f ec t of soil mois ture and t e m p e r a t u r e or thei r 
combina t ion The growth of the host plant may be related to 
the popu la t ion f luc tuat ion in nema todes This poss ib i l i ty can not be 
ruled out in the present inves t iga t ions . 
Highes t number of nema todes in upper 10 cm layer can be due to the 
p resence of more feeder roots in 10 cm layer. The pH also had indirect 
e f fec t on nematode popula t ion At pH 6.0 the popula t ion of 
Pratylertchus spp. was greater At pH 6.6 the n e m a t o d e popula t ion 
dec reased rapidly The pH be low 5.00 and above 8 .00 have inhib i t ing 
e f f ec t on nema tode popula t ion 
O u r resul ts are also in con fo rmi ty with the work of above scient is ts 
where n e m a t o d e popula t ion increased at pH 7.40 to 8.30. 
It can be conc luded f r o m the above f i nd ings tha t changes in soil 
mo i s tu r e has direct e f fec t on n e m a t o d e popula t ion . The n e m a t o d e popula t ion 
dec l ined in d rough t condi t ions . The pH also had indi rec t e f f e c t on nema tode 
popu la t ion dens i t ies . The plants may be managed to adop t l ife cycle when 
the soil mois tu re percent is low. This can help a v o i d a n c e of in fes ta t ion on 
the plant . 
T h e s e s tudies may go a long way in the N e m a t o d e M a n a g e m e n t 




1. T H E W E A L T H OF INDIA, A d ic t ionary of Indian raw malcr ia ls and 
industr ia l products . Vol. X; Sp - W ( rev ised) : Counc i l of Scient i f ic 
and Indust r ia l Research , Nev/ Delhi , pp 591 , 2003 . 
2. B. L E A R A N D L.A. LIDER, Eradica t ion of roo t -knot nema todes f rom 
grapev ine roo t ings by hot water , PI. Dis. Reptr . , 43, 314-317 , 1959. 
3. M.R . S A U E R , Dis t r ibut ion of plant paras i t i c n e m a t o d e s in i rr igated 
v ineya rds at Merbe in and Rob inva l e , Aus t . Exp. Agr icu l tu re and 
Animal Husbandry , 2, 8-11, 1962. 
4. D.J. RASKl , W.H. H A R T A N D A.N. K A S I M A T I S , Nema todes and 
thei r control in v ineyards ( rev ised) , Ca l i fo rn ia Agr ic . Exp. Sta. Cir., 
533, 1-20, 1973. 
5. H. F E R R I S A N D M.V. M c K E N R Y , Seasona l Huc tua t ions in the 
spat ial d is t r ibut ion of nema tode popu la t ion in a Ca l i fo rn i a Vineyard, 
J, Nemato l . , 6, 203-210 , 1974. 
6. J. P I N O C H E T , D.J. RASKl A N D A . C . G O H E E N , Ff fec l s of 
Pratylcnchulus vulnus and Xiphincma index single and combined in 
vine g rowth of Vitis vinifera, J. Nemato l . , 8, 330-335 , 1976, 
7. D . J . R A S K l A N D L . R . K R U S B E R G , N e m a t o d e paras i tes of grapes 
and o ther smal l f ru i t s . In: Plant and insec t n e m a t o d e s (Ed. W.R. 
Nick le ) , N e w York and Basel : Marce l Dckkc r Inc., pp 457-506 , 1981. 
- 1 0 0 -
60 
8. S.D. VAN GUNDY, Plant parasit ic nematodes of bananas, c i t rus , , 
co f fee , grapes and tobacco. Union Carbide Agric Products Company 
Inc., North Carolina USA, pp 71, 1986. 
9. T H E W E A L T H OF INDIA, A dictionary of Indian raw materials and 
industrial products. Vol, III: D-E (Revised); Council of Scient i f ic and 
Industrial Research, New Delhi, pp 236, 2003. 
10. J.P. SOUTHEY, Laboratory methods for work with plant and soil 
nematodes , Min. .Agric. Fish Food HN4S0, London, pp 202, 1986. 
11. V.G. PANSE AND P.V. S U K H A T M E , Statistical methods for 
agricul tural workers (Revised by P.V. Sukhatinc & V.N. Amble) , 
I .C.A.R., New Delhi, pp. 347, 1978, 
12. A.M. KHAN, A. ADIIAMl AND S.K. SAXENA. Populat ion changes 
of some stylet bear ing nematodes associated with mango (Mdny j fc ra 
inciica L.), Indian J. Nematol . , 1. 99-105, 
13. V.H. DROPKIN, Introduction to Plant Nemato logy . John Wiley and 
Sons (Publ ishers) , New York, Toronto, pp 293, 1980. 
14. R.C. S H U K L A , S.L. MISRA AND B.K. DWIVEDI , Effect of ceriain 
env i ronment components on the horizontal disli ibiition and 
popula t ion dynamics ol Ik'licolylcnchu.s indicus S idd iq id i s soc ia ted 
with EnibUca officinalis L. In: Proc. 2"^ Nat. Con. Young Scientists 
(Ed. K.C. Pandey) . Meerut Univ., Meerut , 180-186, 1986. 
- 1 4 1 -
6 l 1 0 
15. M.A. S l D D I Q U i , Population changes of plant paras i t ic n e m a t o d e s 
associa ted with eight iVuil trees. M.Sc. Disscr . Dept . of Botany, 
A .M.U. , Al igarh, pp 14, 1980. 
16. M.A. S l D D l Q U l , Distr ibution and f luc tua t ion in the popu la t ion of 
p lant parasi t ic nematodes associa ted with m a n g o (Abst r . ) . In: Proc. 
Nat . Symp. "Plant Biology and Biod ivers i ty in C h a n g i n g 
Hnvi ronmcnt" , Dec 29-31. Jamia Hamdard , New Delhi , p 78, 2003. 
17. M.A. S l D D l Q U l , AND M.M. A L A M , Seasonal f luc tua t ion of plant 
paras i t ic nematodes associa ted with two med ic ina l p lants , J. Indian 
Bot. Soc, 67, 231-232, 1988. 
18. M.A. S l D D l Q U l , M.M. A L A M A N D S.K. S A X E N A , Seasonal 
f luc tua t ion of plant paras i t ic nema todes assoc ia ted with cer tain f ru i t 
t rees . Int. Nemato l . Network News! . . 5, 22-23 , 1988. 
19. D.F. DAO, Cl imat ic in f luence on the d i s t r ibu t ion pat tern of plant 
paras i t ic and soil inhabi t ing nematodes . Meded . Landb. Hoggesch , 
Wagen ingen , 70, 21-181, 1970. 
20. M. O O S T E N B R I N K , Majo r c i iaractcr is t ics of tiie re la t ion be tween 
n e m a t o d e s and plants. Medcd I-andb l logycscl i , W a g e n i n g e n 66. pp 
46, 1966. 
21. M. SAEIZD A N D A. G H A F F A R , Seasona l popu la t ion f luc tua t ions of 
Hemicriconemoides mangiferae and other n e m a t o d e s assoc ia ted with 
sapodi l la {Achras zapola) in Karachi . Pak. J. Nemato l . , 4, 67-74, 
1986. 
- 1 0 2 -
62 11 
22. J .R. l.OVVENBERG, T. S U L L I V A N A N D M.L. S C H U S T E R , The 
e f fec t of pH and minera ls on the ha tching and surv iva l of 
Meloulo^yne incognita larvae. Phytophathology, 50, 215-217, 1960. 
23. N .C . G N A N A P R A G A S A M , Ef fec t of soil acidi ty on the popu la t ion 
levels of rniiylcnchus loosi. Int. Neinatol . Ne twork Newsl . 4, 23-24, 
1987. 
24. G. UREK, The inf luence of soil (pH) react ion on n e m a t o d e popula t ion 
in soil (Vpliv talne reake i je (pH) na popu lac i j o ogorne V tteh. 
Research Reports Biotechnical Facul ty Univers i ty of L jub l j ana 
A g n c u l l u r e Issue No. , 71, 39-46, 1998. 
25. J. K I M P I N S K I A N D C.B. WILLIS , In f luence of soil t empera tu re and 
pll on Pratylcncliiis penetrans and P. crenaivs in alfalfa and timothy. 
J. Nemato l . 13. 333-338, 1981. 
26. G .T , M O R G A N A N D A.A. M A C L E A N , InHucncc of soil pH on an 
in t roduced populat ion of l^ralylenchus penetrans, Nema to log i ea , 14, 
311-312 . 1968. 
27. 11.R, W A L L A C E . Tlic soil env i ronmen t . In: Plant N c m a t o l o g y (J.F. 
Sou ihey Ed.). Tech. Bull. No. 7. Mitiistry of Agr icu l tu re , Eish Eood, 
H M S O . London, 1965. 
28. N .C . B U R N S , Soil pH e f f ec t s on n e m a t o d e p o p u l a t i o n s assoc ia ted 






> KJ ^ 
< O O O 
— I — K) 
N) ' O 
On 
i^J O O O 
^ t o 
O O O O 
1>J t o t o o 
1->J o o o 
<->J I t o ^ 
o ' o o 
I — t o 
o ' o o 
-f^ - -
O O O O 
oa 
O ^ O O 
Lft t o OJ 
- J o o l o 
t o , (O 
OJ ' o o 
o o o 
K> I (O 
o ' o o 
H -t 
> t o — 
C O O O 
O a 
UJ O C7N 
to 
— i:. 
M ^ '^J Uy 
O 
ijJ — t o 
O V> Vi O 
to — t o -fc. 
'y> o o 'VI 
o o o 
4- — CO 
- J o o o 
u (X) I J 
0 0 o o 
-O -Ci o 
- J o o 
UJ — V) 
OJ O o o 
t o — t o '-.J 
o o o o 
t o I 
I—' ' o o 
t o t o t o — 
I i-o ~ cc ' o "^ J 
i ON ^ Ki 00 O 
' Ox 
O 00 
- t Oi - J 
^ to — 
o o o 
— — t o 
O O CO 
CO On O 
O ON OQ 
lO CO , 
t o OJ ON 
oo o o 
— UJ — — o o 
— I — t o 
t o ' O 
CO i 'VI 
t o 
•^J o o o 
~ , — I J 
4 . .t; oo t J 
- J ^ o o 
OJ o o o 
'V. '-.J I J — 
O O oo VO '^J 'VI 4^ 
o 
- a 
i> 4- t o — > 4::- t o — 
< o o o t o o o 
vO -O O O O O 
— , — VO oo l o \ 0 
CO 'VI t o o o o 
t o 
Uj o OO o 
t o O to 'Vl 
UJ O o o 
t o — — 
t o — 00 ON 
— — to t o O C 'V< 
OJ t o UJ 4:^  
o o o o 
4- I J 'yi 'J-
O^ . ^ o o 
-
t o — UJ 4-
O o o 
t o lO 
o -Vl o 
'-.J t o I^J 4^ 
o j o 'VI ^ 
— O O 
O O 4-
t o O lO - J 
On '-J 00 UJ 
On O ON —' 
ON 
>o 
ON t o -O NO 
O O O O 
— ^ ON 
o " o o 
- 0 
-O 
— D n o 
5 "H 
ON t o NO ^ 
— '^ J ON 
ON OJ 4^  
O O O — 
O 'V. 
o -o o 
oo 
0 * ^ 0 0 















5 ^ 'Ji ^ 
cr. .-J — 
- 4 '4 .^ 
0 0 ^ 0 0 t o 
O '-'I 'Vl 
-.1 '^J ON t o NO lO ON — 
- 4 
t o CO _ 
- O O 
4:- I J 4- CO 
^ o o o 
o o 
'-tj — '-fj 
UJ K) oo ON 



























O CO O -o 1 • 













- 1 0 A -









II 2 m 
a - c a> 
I 
O 
i - i ^ 
" 3 
^ a oo 
f t a 












• 5 ' 
o 
O 
K ' E . 
" - s 
^ II « 
§ o -§ s: o s 





























I S . 
l . s 
t o 
- o 











UJ OJ t o ^ • OJ 
— o Ji. o o CO t o 
o o o o 4 - <V1 
UJ t o tvi (sj (Vi 
o •o 1— o 
o o o 00 o 
t o t o UJ t o 
— o — ' CO — • o ON L.J o o o NO o tvi t o 
t o t o OJ t o 
NO o o 4 i 
o o o o t o 






















UJ t o 




^ K) — 
< O O O 
On 
-J w Ox 
VCI -fc. 00 UJ O 
LO K> UJ 'wTi 
O t ^ On 00 
— --J On — 
--4 OJ O 
\£) O; t o 
ON - t - J (O OO 
— ^ O 'VI 
- J ^ CA 
t o t o OJ t o IVl t o L.J NO OO Ul o o On 
o o o ON o IV) 4:^  
t o UJ t o t o t o (—\ 00 NO -J t o 00 .—> o —J o o o (V> 
t o t o t o t o 
1 1 1 o o p o 
UJ i o Uj o 
t o o 00 On 
l o t o l o »o 
I ] 1 1 - J ON ON 1 o OC ON 
t o o OO 
> Jx t o — 
< O O O 
— — t o t o 
NO --a o O 
t o — txJ OJ 
ON ---J ' - .J ^ 





— >ji -O 
00 OJ '^J 
OJ t o UJ (VI 4:^  t o 4i. CO (VI CO CO CO 'wj t o UJ 
O O o o O ON 4:^  o 
t J I I 
I I -t. 
On V> '-jj t o 
ON OO O 
ON ^ Vt 'yt 
^ <->•> OC Ui 
NO NO to 00 
H 
N< 
> Ji. t o - -
< o o o 
ts> — t o ts) 
— -^J UJ ^ 
Jx t o '-ft OS 
00 UJ ^ UJ 
O UJ 00 
to — to ^ 
L.J o o o 
OJ o o o 
t o — t o t v J 
t o O 00 -o '-••> 
„ lo <J\ 
t o 00 - J o 
— t o t o (O UJ 
O O O U J 
UJ ' o o 
oa ^ 
t o t o (VI 
O 'VI 
'^J '^J I J t o 
I - N — N O O N 
00 00 — 1V\ 
O --J — cc 




> to — 
< o o o 
O N I 
ON 00 OO — 
O 
t o UJ 
o o 
O - J O O O O to t o O '-V1 












'V, — ^ 
-U O 'oi 
- J o j o 
O^  I 
CN I (V. ^ 
•-1 'VI 'VI 
'V. X. ON 'VI 
O O N ^ 
L.J 0 \ IVI 
- J ON OO OO 
00 t o 'VI 00 















> hO — 
< 0 0 0 
w ^ 5 
K) t o i^J UJ O (O On 
H H v ; X o 
MD K) — 
O 
- - -t- t^i 
— CO •<! 
t o „ OJ 
t o O 0 0 --J 
0 0 0 0 
t o - — o 
o ^ 'VI 
-t>. ^ 1-/1 
O O - J 
^ O ^ I-O 
i-n 00 00 o 
K) — t o 
t o t o O 
H- t o t o 
•-J o 
1>J t J Ji. 
OS --J O O 
01 t-Ai 
0 \ o 00 
ON 00 00 a \ 
t o ^ — t o 
O vo MD O 
o ^ - o — 
t o 10 so 
> t o — 
< 0 0 0 
t o t o UJ UJ 
O t o — 
to — t o -fc. 
^ i - j o - o 
ON ON - J 
O -O O 
On ON 0 0 
o -ti-
ro —' ijj uj 
•VI '^J o 
0 0 0 0 
~ 
to o » 
^ 01 o 
-c^ o o ' 
-C>. t o -ti. ON 
0 0 0 0 
K> — UJ 
• ^ 0 0 0 
t o I—• UJ UJ 
OJ O 
4:i — 4^ ON 
UJ 4^ ^ -O 
O p p p 
OS '4^ Vo 
t o ~ ^ t o 
4 i 4 - i^J 
— t o ^ ivi 
t o t o o 
> 4:>. t o — > 4i. t o — 
< 0 0 0 < 0 0 0 
I ^ o j I 
CO UJ , 
4^ t o On 
CO ^ -O O 
LA I L^ 
L-J 4^ 
O OJ ^ CO 
t o - - t o N) 
OJ 00 — NO 
o 4^ ^ 
t o J. U) U) 
— ^ o — 
CO t o OJ 
ON U> Wl 
0 0 0 
t o I U) lyi 
o o 
OJ UJ 1>J UJ 
00 NO NO 
ON 00 o 00 
CO 00 00 00 
•4:^  On ^ OJ 
Uj O NO t-O 
t o — '->-1 
ON — O ^ 
—• 10 'yx 
— o CO 'yi 
— — . , t o t o 
t o O ^ ^ -O 
1 1 1 ^ I 00 
00 — ON 
'VI '^J 
^ O <->-1 
t o 1 1>J OJ 
UJ I UJ ^ 
^ I I 
10 
UJ ^ w ON W , (VI cy) 





4^ t o — 
0 0 0 
- J 1 ^ . 
-D 
y. 
3 -3 "H 
2 : H 
m . > 
CD 
r 
V. I — I 
- J ' 4- -0 " 
CO , 
ivi u j o 
ON — 'VI t o 
t o t o t o t o 
ON 00 ON 
4:^  00 00 
CTn On On 
00 — 00 t/i 
— On -U 
0 0 0 ' ; : 
O 'Vi 
1 'VI 
ON ! -O 
ON 0 \ ivi 
NO I 
-O I --J 
c 
^ t-fl IVi 
O O On 
4^ ^ IV1 ON 
UJ ^ v^ O 
p p p p 
4i. 00 4^ —' 





















































' n ' W • 
! 3 
Q 






























a . a 










O. o a 
a 















T3 5 ' 
CJ —r 
£» H -n 
r r 






(jj UJ l,J 
O 'J) Vi - J 
OJ IX) 
OJ I J I J 'Ji -I- 1 J '-.J CO On I J '--J I J 
o j t J t o a -
CT- o- O 
t o O -t. 
L.J t o 
lO o I^ J -Ci 
lO lO "-J Ix) 
— t o 
o -u 
o I J 
'wO Oi O 
^ 00 tvj 
^O l- j UJ O 
^ '^J \ o 
t o O 
-C^  o 
OJ Iv) 4i. UI 
a \ o t o 
ON o o 
u j r o u j 
t o (O O On 
OO tj) o o 
t o — t o Oj 
-O CO - o ^ 
O OJ UJ 





t o — 
o o 
On to On 




O N - J 
'^j — '-.J 41-
I J t J O 
ON. Vl ON, 
t o — '^J 




••^ J t o t^j Ji. 
t o o '-J '->•> 
'^i 
O INJ ON 
— ON INO O 
O o 41^  Ui 4-o o o Ui 
4:^  U) 
UJ 
00 
O ON OO 
ON 
NO 
^ § 5 S -





t o UJ 
-t- o 
K) K) t o t o 
o o o o 
u i i o t o '--4 
— O K> 
I J t J t o t o 
^ 0-. On - J 
ro 00 o t o 
•-4 --4 'Ji NO 
cT 
4- t o — 
o c - o 
--J t o o o 
— — t o \ o 
C/0 '-.J o O 
•Ji t o CN ON I J O -4 OC 
• \ 0 CO 
- J o o o 
— tNj 
00 t^J 









t-o — to ^Jj 
t o ^^ O 
NO O NO 
ON I 
t o t o 
— NO 
o o o o 
On 
t o CO 
4- 4- 4- l^ J 
— O to On 
t < - t 00 
- 1 U 7 -
5 7 
1 b 










^ , o_ 
O 




























































j j -a 














1J Vi 10 - J o 
to 























— I t o 00 — o o t o — • ON , , 




o • a rti —I 




t o UJ - J 
UJ o 


















,—' — ^ — . 
' — ' o --J t o I J OJ -o CO 
o i— - J o t o o t o o OJ NO UJ o o 
< 
m 
O C H > > 





> r ^ 
H 
m 











































- 1 0 8 -









o O r . : 
1 1 
n S . 3 c 








































On NJ •O oo •fx 
CO 00 








^o 00 OJ — o o 



















K) — o 
b (O 00 L) o 
o o o o o 
00 VO NJ ON OO K) CO 
bo i—. b b b f V b o O o o O o o o o O 
— _ _ , 
o OO oj o CO 
LO b 0\ b \ b o o O o o o O o o o 
vo 
ON 
• >—> oo , • , . \o - J lO UJ CO )0 




























y V •7' 





$ ^  
c::) m 
^ c 





Avofugc ncmaloJo popiilaiion pet 20(lg soil 
6 9 

















o v: -) 
9 3 
5- ^ 
Average nematode population per 200g soil 
— K> 




z H a 
s 
Average nematode population per 200g v>il 
& s s ~ " " 











•a o •a 
.Awrayc iMiialink- |«.|«il. ,l ,„„ , v , :(Ml,.. >,,,1 
1 9 
Avoraco r)otii.mHlc po,.„l:,lioii |k.t 2(1(11; -•'>^ 1 
Avcrago ncin.nodo [X.pulalion |Kr 2 0 0 g soil 
s I S i 1 














- 1 1 1 -
SECTION - B 




J. Environ. Res. VI, 1&2, [1985-89) 77-79 
S E A S O N A L FLUCTUATION IN THE P O P U L A T I O N S OF IIETERODERA ZEAE 
IN FIELDS UNDER DIFFERENT CROPPING SEQUENCES 
M A N S O O R A. S I D D I Q U I A N D S. K. S A X E N A 
Department of Botany, Aligarh Muslim University, AHgarh-202002. 
I N T R O D U C T I O N : 
M a i z e cyst n e m a t o d e , Heterodera zeac r e p o r t d in Egypt , U S A a n d Pak i s tan is now 
cons ide red a pest of economic i m p o r t a n c e resu l t ing in un th r i f t y growth and heavy yield 
loss ( K o s h y & Swarup, 1971; Sr ivastava, 19S0; Sardanel l i , K r u s b e r g & G o l d e n , 1981; 
S r ivas t ava &, Sethi , 1984). It has r o w been repor ted f i o m m a n y par t s of India and 
e l sewhere ( K o s h y , Swarup & Sethi , 1970; K o s h y & Swarup , 1971; Sr ivas tava & Sethi , 
1984) In a n d a r o u n d Aligarh ccr ta in maize fields c o n t a i n e d suflioiently high popu la t ion 
cf the cyst of this n e m a t o d e . N o t h i n g is known about the popu la t ion of cyst lef t a f t e r 
t h e h a i v e s t of maize . T h e r e f o r e , the presen t s tud ies were a imed to d e t e r m i n e the seaso-
nal popu l a t i on fluctuations of Heterodera zeae in fields with d i f fe ren t c ropp ing s e q u e n c e s . 
M A T E R I A L S A N D M E T H O D S ; 
T h e ma ize fields heavily infes ted with t h e maize cyst n e m a t o d e , H. zeae in four 
difl 'erent p laces were selected for the s tudy f r o m August , 1986 to July, I9SS. The soil 
samples were collected at m o n t h l y inteivals f r o m a i o u n d the roo t s . In each case , soil 
samples were col lec ted f rom plants randomly Soil lempL-rature a t 5 cm d e p t h and soil 
m o i s t u r e were recorded at the t ime cf sampling. The c i o p p i n g sequences follow ed by the 
f a r m e r s were as follows : 
Field No . 
A. Maize -Ber jec /» /Egypt ian c lover -Sorghum-Bar lcy a n d Whea t ; 
B. M a i z e - W h e a t - M a i z e - W h e a t and S o r g h u m ; 
C. M a i z e - M u s ' a r d - S o r g h u m - W h e a t a n d Ma ize ; 
D . Maizc-Barley- / l /7;a / - /Pigeon-pea a n d Ma ize . 
Soil samples (200 g / s a m p l e ) were p r o c e s s e d by C o b b ' s sieving a n d d e c a n t i n g 
t e c h n i q u e a l o n g w i t h modified B a e r m a n n f u n n e l s (Sou they , 1986) for isola t ion of l a rvae 
a n d by F e n w i c k c a n (1940) f o r cys t . N u m b e r of la rvae a n d cysts were c o u n t e d per 200g 
soi l . 
- 1 1 2 -
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M4IZE-BERSEEK-SOaOHUM MAlZE-WHEal -MSIZC Mi'ZE-HUSTIRO-S0S5MUM MaCC-OEnSEf M 
- E4t!l.EY.WHElt . WHEAI-SORGHUM .WHEAI-KAIZE -SRHAB-MAIZc 
ij 
J-^ciiR CROPP . s ; . 
RESULTS AND DISCUSSION : 
Resu l t s p r e s e n t e d in (Fig. I) i nd ica te tha t in all the four fields the popu la t ion of 
cys t of H. zeae i n c r e a s e d during m a i z e cu l t iva t ion . In these fields a l t h o u g h m a i z e was 
grown unt i l N o v e m b e r , but the cys t popu la t ion i nd i ca t ed an Increase u p t o O c t o b e r 
fo l lowed by a d e c r e a s e in N o v e m b e r . This could be ei ther d u e to low t e m p e r a t u r e 
p r eva i l i ng in N o v e m b e r or the roots of maize might h a v e dried r e s u l t i n g in this d e c r e a s e . 
W h e n m a i z e was fo l lowed with o t h e r c rops in four difTerent c r o p p i n g s e q u e n c e s the re 
was d e c r e a s e in t h e popula t ion of t h e cyst in all t h e crops i nd i ca t i ng t h a t t hese a r e 
not hos t s of the n e m a t o d e , In all f o u r fields fal low b rough t a b o u t t h e h ighes t d e c r e a s e 
in the n u m b e r of cysts . In one of t h e c r o p p i n g s e q u e n c e s with t h e i n t r o d u c t i o n of maize 
aga in a p h e n o m e n o l inc rease in the n u m b e r of cyst %vas observed . This , h o w e v e r , sugg-
ests t h a t t h e n e m a t o d e is very specif ic a n d p robab ly m a i z e is its on ly host . L a r v a l popu-
lat ion in soil, h o w e v e r , f luc tua ted even dur ing the m a i z e cu l t iva t ion . This is u n d e r s t a n d -
- 1 1 3 -
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able as the laival popula t ion would be d e p e n d e n t on the life cycle of the n e m a t o d e . 
Bes ides fa l low, highest dccrcase in the number of cysts was observed in whea t , herseeml 
Egypt ian c lover , mus ta rd , barley, ar / /a/- /Pigeon-pea and maize. T h e multiplicatiorv ra te 
was very poor even on sorghum. This is in a g r e e m e n t with Srivastava & Swarup (197 5) 
t h a t so rghum is not host of H. zeae. 
Dur ing egglaying there may be high popu la t ions fol lowed by dec rease in popu la t ion . 
I t i nd ica tes t h a t the re a i e at least two life cycles of the n e m a t o d e dur ing one season. It, 
t h e r e f o r e , appea r s t ha t cropping s equences could he lp in manag ing the popula t ion of this 
n e m a t o d e in field. T e m p e r a t u r e has some role to play but not a m a j o r role in popula t ion 
f l uc tua t ion . Th i s t r end is very c o m m o n in those n e m a t o d e s which have na r row hos t r ange 
for mul t ip l ica t ion (Srivastava & Swarup , 1975). 
L I T E R A T U R E C I T E D : 
F e n w i c k , D . W. (1940) J. He lmin th . , 18 : l . '5 - i72. 
K o s h y , P. K . &, G. Swarup (1971). Ind ian J. N c m a t o l . , 1 : 106-111. 
Koshy , P. K. , G . Swarup & C. L Sethi (1970). N e m a i o l o g i c a . 16 : 511-516. 
Sardane l l i , S., L. R. Krusberg & A. M . Go lden (1981) Plant Disease 61 : 22. 
Sou they , J . F, (1986). Min , Age. F i sh . Food , H M S O , L o n d o n . 
Sr ivas tava , A. N . (1980). Ph. D: Thes i s , l A R I , N e w De lh i . 
S r ivas tava , A. N. & C. L. Sethi (1984). Indian J. N e m a t o l , 14 : 110-114. 
S i i v a s t a v a , A. N, & G . Swarup (1975). I nd i an J , N e m a t o l . , 5 : 257-259. 
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SCREENING AMARA«THUS SPECIES AGAINST THE ROOT-KNOT NEMATODE 
Mansoor A. S i d d i q u i and M. Mashkoor Alam 
D e p a r t m e n t of Bocany, A l i g a r h Musl im U n i v e r s i t y , A 1 i g a r h - 2 0 2 0 0 2 , I n d i a 
K e y w o r d s : A m a r a n t h u s s p p . , p l a n t r e a c t i o n , M e l o i d o g y n e i n c o g n i t a 
I n t r o d u c t i o n 
D i f t e r e n : s p e c i e s of A m a r a n t h u s a r e c u l t i v a t e d a s v e g e t a b l e , o r n a m e n t a l o r 
f o d d e r c r o p s . VSost a r e l i a b l e t o s e v e r e i n f e c t i o n by t h e r o o t - k n o t n e m a t o d e s , 
Me l o i d o g , v n e s p p . , i n t h e t r o p i c s , wh ich makes c r o p r o t a t i o n d i f f i c u l t . 
B a b a t o l a & Awoderu ( 1 ) h a v e r e p o r t e d some l e v e l of r e s i s t a n c e i n c e r t a i n 
c u l t i v a r s . In v iew of t h e i m p o r t a n c e of t h i s c r o p we h a v e s c r e e n e d some of 
t h e more comraon ly -used s p e c i e s of A m a r a n t h u s a g a i n s t t h e r o o t - k n o t n e m a t o d e , 
M e l o i d o n y n e i n c o g n i t a ( K o f o i d & W h i t e ) C h i t w o o d t o d e t e c t any s o u r c e s of 
r e s i s t a n c e . 
M a t e r i a l s and Me thods 
F o u r s e e d s of each t e s t s p e c i e s of A m a r a n t h u s were sown i n c l a y p o t s 
c o n t a i n i n g 1 kg of a u t o c l a v e d s o i l . Uhen t h e s e e d l i n g s h a d e m e r g e d t h e y w e r e 
t h i n n e d t o l e a v e one p e r p o t . The s e e d l i n g s w e r e t h e n i n o c u l a t e d w i t h 1000 
r r e s h ! y - ha t c l i ed 2 n d - s t 3 g e j u v e n i l e s of M. i n c o g n i t a . U n i n o c u l a t e d s e e d l i n g s 
s e r v e d a s c h e c k s . T h e r e were f i v e r e p l i c a t e s f o r e a c h of t h e .Amaranthus 
S p e c i e s . A f t e r 2 m o n t h s , t h e p l a n t s were removed f r o m t h e p o t s and t h e r o o t s 
w e r e washed t h o r o u g h l y . The e x t e n t of g a l l i n g and t h e r e a c t i o n s of t h e p l a n t s 
were r a t e d a s d e s c r i b e d by T a y l o r & S a s s e r ( 3 ) . 
R e s u l t s and D i s c u s s i o n 
The r e s u l t s ( T a b l e 1 ) i n d i c a t e d t h a t d i f f e r e n t s p e c i e s of A m a r a n t h u s d i f f e r e d 
i n t h e i r r e a c t i o n s t o t h e r o o t - k n o t n e m a t o d e . A. g a n g e t i c u s v a r . t r i s t i s was 
r a t e d a s h i g h l y r e s i s t a n t , A. t r i c o l o r v a r . s p l e n d e r e s a s r e s i s t a n t and A. 
p a n i c u l a t u s , A. h y p o c h o n d r i a c u s , A. g a n g e t i c u s v a r . l a n c e o l a t u s , A. b l i t u m 
var. o t e r a c e a and A. c a u d a t u s v a r . a l o p e c u r u s a s 
T a b l e 1. The g a i l i n d e x and r e s i s t a n c e c a t e g o r i e s of d i f f e r e n t s p e c i e s of 
A m a r a n t h u s t o t h e r o o t - k n o t n e m a t o d e , M e l o i d o g y n e i n c o g n i t a . 
A m a r a n t h u s Loss i n P l a n t number R e s i s t a n c e 
s p e c i e s p l a n t W t ( Z ) I I I I I I IV V Mean c a t e g ' 
A. b l i t u m 
v a r . o l e r a c e a 10. 9 1 . 5 1 . 0 1 . 0 1 . 5 2 . 0 1 . 4 MR 
A. c a u d a t u s 
v a r . a l o p e c u r u s 8. .9 2 . 0 2. 0 2 . 0 2 . 0 1 . 0 1 . 8 ^ 
A. h y p o c h o n d r i a c u s 6, l . O I . .0 1 . 0 1 . 0 1 . 0 1 . 0 KR 
A. p a n i c u l a t u s 12. ,0 1 . 0 1. 0 1 . 0 1 . 0 0 . 0 0 . 8 MR 
A. g a n g e t i c u s 
v a r . l a n c e o l a t u s 9 . .4 0 . 5 1. 0 1 . 0 2 . 0 1 . 0 1 . 1 MR 
v a r . l i v i d u s 36 . .3 4 . 0 4 . ,0 4 . 0 4 . 0 4 . 0 4 . 0 S 
v a r . p o l y g a m u s A1 . .9 A.O 5. 0 5 . 0 5 . 0 5 . 0 4 . 8 HS 
v a r . t r i s t i s 3, . 5 0 . 0 0 . .0 0 . 0 0 . 0 0 . 0 0 . 0 HR 
A. t r i c o l o r 
v a r . s p l e n d e r e s 6 . , 5 0 . 0 0 . 0 0 . 4 0 . 5 0 . 6 0 . 3 R 
C . D . (P = 0 . 0 5 ) 0 . 3 0 
(P = 0 . 01 ) 0 . 4 0 
HR - H i g h l y r e s i s t a n t ; R = R e s i s t a n t ; MK = M o d e r a t e l y r e s i s t a n t ; 
S = S u s c e p t i b l e ; US = H i g h l y s u s c e p t i b l e . 
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m o d e r a t e l y r e s i s t a n t . In c o n t r a s t , A. g a n g e t i c u s v a r . I v v i d u s -was r a t e d a s 
s u s c e p t i b l e and A. g a n g e t i c u s v a r . p o l y g a m u s a s h i g h l y s u s c e p t i b l e t o t h e 
nemaCodii u s e d i n t h e s e t e s t s . 
The r e a c t i o n s of t h e d i f f e r i n g s p e c i e s of A m a r a n t h u s t h u s r e v e a l e d a l a r g e 
g e n e - p o o l of r e s i s t a n c e t o M. i n c o g n i t a i n A. g a n g e t i c u s v a r . t r i s t i s and 
p o s s i b l y some of t h e o t h e r s p e c i e s t e s t e d s u c h a s A. t r i c o l o r v a r . s p l e n d e r e s . 
T h e s e , and p e r h a p s some of t h o s e s h o w i n g o n l y p a r t i a l r e s i s t a n c e , c o u l d 
p r o b a b l y be u t i l i s e d e f f e c t i v e l y i n c r o p r o t a t i o n p rog rammes t o h e l p c o n t r o l 
t h e r o o t - k n o t n e m a t o d e . B a b a t o l a & Awoderu ( 1 ) h a v e a l s o o b s e r v e d r e s i s t a n c e 
i n some a c c e s s i o n s of A m a r a n t h u s s p p . , and B a f o k u z a r a ( 2 ) r e c o r d e d a 
s i g n i f i c a n t c o n t r o l of M. j a v a n i c a when A. h y b r i J u s was u s e d i n r o t a t i o n w i t h 
o t h e r s u s c e p t i b l e c r o p s . 
A c k n o w l e d g e m e n t s 
S e e d s of t h e s p e c i e s t e s t e d were p r o c u r e d t h r o u g h Dr M o h i n d e r P a l , Head of t h e 
C y t o g e n e t i c s L a b o r a t o r y , N a t i o n a l B o t a n n i c a l R e s e a r c h I n s t i t u t e , Lucknow, 
I n d i a , t o whom we a r e i n d e b t e d . 
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REACTIONS OF AMARAMTHUS SPECIES TO THE RENXFORM KEMATODE 
Maneoor A. S t d d l q u l and H. MashVoor Alam 
Department of Botany, A l l g a r h Musl in U n i v e r s i t y , A l l g a r h - 2 0 2 0 0 2 , 
I n d i a 
Keywords: Amaranthus 6pp> , p lant r e a c t i o n , R o t y l e n c h u l u s r e n l f o r m i s . 
I n t r o d u c t i o n 
Amaranthus s p e c i e s a r e i o p o r t a n t as v e g e t a b l e , ornamental or f o d d e r c r o p s . 
Survey of exper imenta l p l o t s grouing Amaranthus a t t h e B o t a n i c a l Garden, 
A l l g a r h Muslim U n i v e r s i t y , Al igarh r e v e a l e d h igh p o p u l a t i o n d e n s i t i e s of the 
r e n i f o r m nematode, R o t y l e n c h u l u s r e n l f o r m i s L in ford i O l i v e i r a . In u n t r e a t e d 
p l o t s , s e v e r e s t u n t i n g a s s o c i a t e d w i t h o v e r a l l r e d u c t i o n s in p l a n t growth were 
n o t e d . In v i e w of t h e importance o f t h i s crop we h a v e t e s t e d some of the 
common s p e c i e s of Anaranchus a g a i n s t t h e r e n i f o r m nematode t o e v a l u a t e the 
p a t h o g e n i c i t y and l o c a t e s o u r c e s of r e s i s t a n c e , i f a n y . 
M a t e r i a l s and Methods 
Four s e e d s of each t e s t s p e c i e s of Amaranthus were sown i n c l a y p o t s c o n t a i n i n g 
I kg a u t o c l a v e d s o i l . A f t e r the s e e d l i n g s emerged t h a y were t h i n n e d t o l e a v e 
one per p o t . When 3 wk o l d , they were I n o c u l a t e d w i t h 1000 f r e s h l y i s o l a t e d 
spec imens of R. r e n l f o r m i s (vermiform s t a g e s ) . U n i n o c u l a t e d p l a n t s s e r v e d as 
c h e c k s . There were f i v e r e p l i c a t e s f o r e a c h t r e a t m e n t . A f t e r 2 months t h e 
p l a n t s were uprooted and t h e r o o t s washed t h o r o u g h l y . The r e s i s t a n c e c a t e g o r y 
of p l a n t s was rated on t h e b a s i s of loaCure nematode f e m a l e s per p l a n t i n the 
r o o t s a s : 1 - 10 - R e s i s t a n t ; 11 - 20 - K o d e r a t e l y r e s i s t a n t ; 21 - 30 -
S u s c e p t i b l e ; more than 30 - h i g h l y s u s c e p t i b l e . 
R e s u l t s and D i s c u s s i o n 
The t e s t s p e c i e s of Amaranthus showed d i f f e r e n t t y p e s of r e a c t i o n t o t h e 
r e n i f o r m nematode . Ajnaranthus b l l t u m v a r . o l e r a c e a , A. h y p o c h o n d r i a c u s , A. 
p a n l c u l a t u s , A. g a n g e t l c u s v a r . l a n c e o l a t u s , A. t r i c o l o r v a r . s p l e n d e r e s and A. 
g a n g e t l c u s v a r . t r l s t l s w e r e f-ound m o d e r a t e l y r e s i s t a n t , whereas A. g a n g e t l c u s 
v a r . l l v l d u s , A. caudatus v a r . a l o p e c u r u s and A. g a n g e t l c u s v a r . polygamus 
were s u s c e p t i b l e . None was found t o be e i t h e r h i g h l y r e s i s t a n t or h i g h l y 
s u s c e p t i b l e (Tab le 1 ) . 
T a b l e 1. Number of mature f e m a l e s and r e s i s t a n c e c a t e g o r i e s of d i f f e r e n t 
Amaranthus s p p . t o R o t y l e n c h u l u s r e n l f o r m i s 
Amaranthus Z L o s s i n 
p l a n t wt 
P l a n t number Res i s tance 
c a t e g o r y s p e c i e s I I I 111 IV V Mean 
A. b l i t u m 
v a r . o l e r a c e a I I . I 14 n 17 15 13 14 .0 MR 
A. c a u d a t u s 
v a r . a l o p e c u r u s 22 .A 22 25 28 25 21 2 4 . 2 S 
A. hypochondr iacus 7 . 3 12 15 14 13 12 13 .2 MR 
A. p a n l c u l a t u s 1 0 . 3 lA 12 16 13 12 13.4 MR 
A. g a n g e t l c u s 
v a r . l a n c e o l a t u s 7 . 8 13 16 15 15 14 14 .6 KR 
v a r . l i v i d u s 2 7 . 8 25 24 21 24 25 2 3 . 8 S 
v a r . po lygamus- 3 1 . 3 Zi> 24 26 25 25 24 .8 S 
v a r . t r l s t l s 15 15 17 18 14 15.8 MR 
A. t r i c o l o r 
v a r . s p l e n d e r e s 8 . 0 12 16 11 17 15 14.2 MR 
C . D . ( P = 0 . 0 5 ) 2 . 6 
( P = 0 . 0 1 ) 4 . 5 
MR = M o d e r a t e l y r e s i s t a n t ; S = S u s c e p t i b l e 
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We have a l s o t e s t e d t h e s e v a r i e t i e s a g a i n s t the r o o t - k n o t nematode, Melotdogyne 
i n c o g n i t a ( 1 ) . b l i t u m var- o l e r a c e a , A. h y p o c h o n d r i a c u s , A. p a n l c u l a t u s 
and g a n g e t i c u s v a r . l a n c e o l a t u s were m o d e r a t e l y r e s i s t a n t t o the r o o t - k n o t 
nematode, s i m i l a r t o t h e i r r e a c t i o n s t o t h e r e n i f o r m nematode (Tab le 1 ) . A. 
g a n g e t i c u s v a r . t r i s t i s and A. t r i c o l o r v a r . s p l e n d e r e s were tnoderate ly 
r e s i s t a n t t o R. r e n i f o r m l s (Table 1) b u t , i n c o n t r a s t , they were h i g h l y 
r e s i s t a n t , o r r e s i s t a n t , r e s p e c t i v e l y t o M. i n c o g n i t a ( 1 ) . Moderate ly 
r e s i s t a n t v a r i e t i e s of Amaranthus may be of u s e i n b r e e d i n g programmes as w e l l 
as in s e l e c t i n g c r o p p i n g s e q u e n c e s where t h e r e n i f o r m and roo t -knot nematodes 
are s e r i o u s p r o b l e m s . 
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In a 2 year crop rotation programme none of the 25 different cropping sequences was 
found to be effective in reducing the population of the root-knot nematode. Meloidogync 
incognna and the reniform nematode, Rotylenchulus reniformis. However it was obserAed 
that Fallow-Cauhflower-Sorghum-Coriander (sequence no. 22) for redudng the root-
knot larvae population and Sorghum-Wheat-Horsegram-Tumip (sequence no. 14) for 
the reducing of the reniform nematode population were comparativ ely benefiaal. B\ and 
large, deep ploughing did not favour the multiplication of the both the test nematodes. 
The population of the nematodes was also reduced to a very low level when the field was 
left fallow. 
Keywords'. Meloidngvnc incognita' Rotylenchulus reniformis. Cropping sequences: Inte-
grated management 
INTRODUCTION 
A m o n g s t t h e d i f f e r e n t m a n a g e m e n t s t r a t e g i e s , c r o p r o t a t i o n is a c c e p -
t a b l e t o a w i d e r a n g e o f n e m a t o d e p r o b l e m s a n d o f f e r g r e a t flexibility m 
a p p l i c a t i o n ( N u s b a u m a n d F e r r i s , 1973; C a t t a n a n d S c h i l l i n g , 1 9 9 2 ; 
B e k u n d a a n d W o o m e r , 1996) . T h e n o n - h o s t o r p o o r h o s t c r o p s a r e 
g r o w n a t d i f l e r e n t i n t e r v a l s in s u c h a w a y t h a t t h e n e m a t o d e p o p u l a t i o n s 
r e m a i n a t s a f e r levels ( J o h n s o n , 1985; F e r r i s a n d G r e c o , 1992; B u r t a n d 
•Corresponding author. 
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I crris, 1996). Most of such studies have been directed to evaluate the 
effect of non-ho-i crops in different sequences to manage single nema-
tode specics (Amosu. 1981; Noe, 1986; Aung and Prot , 1990; Esmenjaud 
et al., 1990; Hashmi and Hashmi. 1990). Recently some studies (Alam 
cial., 1980, 1988: Fernandez ef a/.. 1987; K a n g f / a / . , 1992; Smiley a/., 
1994; Young. 1995) have also been made to suppress the mixed popu-
lations of plant parasitic nematodes with crop rotat ion programmes. 
Hence, it seems desirable to further investigate such sequences which are 
capable of suppressing nematode populat ions and widely acceptable to 
the farmers. 
M.\TERIALS AND .METHODS 
The e.xperimcntal area naturally infested with the root-knot nematode , 
Meloidogyne incogniia (Kofoid and White) Chi twood and the reniform 
nematode , Roiylencbulus reniformis Linford and Oliveira was selected 
and divided into two pans . One p a n received normal p loughing 
(20 cm deep) whereas the other par t received deep ploughing (40 cm 
deep) t rea tment . Both the par t s were divided into plots , each 
measuring 9 s q m . A 0.5 m wide buffer area was left between the plots 
(Fig. 1). A two year rotation scheme was established as per schedule 
described in Table I and Figure 1. There were three replicates for each 
crop. The crops selected were tomato, Lycopersicon esculentum L. 
(Fami ly -So lanaceac ) cv. "Pusa Ruby ' , eggplant, Solanum melongena 
L. ( F a m . - S o l a n a c e a e ) cv. "Pusa Purple long', ca r ro t , Daucus carota L. 
(Fam.. - Umbeiiiferae) cv. 'Pusa Kesar ' . cauliflower, Brassica oleracea 
horryds L. ( F a m . - C r u c i f e r a e ) c \ . "Snowball', coriander. Coriandrwn 
saiivwn L. (Fam. - Umbeiiiferae) cv. "Local", fennel. Foeniculuin 
vulgare Mil!. (Fam. - Umbeiiiferae) cv. "local", horsegram. Dolichos 
bifiorus Auct. (Fam. - Papilionacae) cv. "Pusa Navbaha r ' , maize, Zea 
mays L. (Fam. - G r a m i n e a e ) cv. 'Ganga-5" . mus t a rd , Brassica 
campesiris L. ( F a m . - C r u c i f e r a e ) cv. "RL-IS ' , o k r a ' L a d y finger, 
Abclmoschus esculenius Moench (Fam. - Malvaceae) cv. "Pusa Sawa-
ni'. radish, Raphanus saiivus L. ( F a m . - C r u c i f e r a e ) cv. "Pusa Rashmi". 
sesbania, Seshania aculeaia Poir. (Fam. - L e g u m i n o s a e ) cv. 'Local ' , 
so r shum, Sorghum vutz^ire Pers. {Fam.-Gramineae) cv. 'X-988", 
turnip, Brassica rapa L. ( F a m . - C r u c i f e r a e ) cv. "Red ball' and wheat . 
- 1 2 9 -
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TABLE I Sequences of diiVereni cmpping systems 
Croppint; .scqufnvcsiJuralion 
I Crop II Crop III Crop l\ ' Crop 
summer ninter summer ninter 
Apr,! '82 Ociohc-r '82 April '8.^  October '83 
.V. No Scpiemher '82 March -83 September "83 March '84 
1 Tomato Tomato Fallow Fennel 
-t Cauliflower Coriander 
3 Mustard Carrot 
4 Wheat Turnip 
s Fallow Radish 
6 Maize Tomato Eggplant Feimel 
7 Cauliflower Coriander 
S Mustard Carrol 
1) Wheal Turnip 
10 Fallow Radish 
1 1 Sorghum Tomato Horsegram Fennel 
12 Cauliflower Coriander 
13 Mustard Carrot 
14 Wheat Turnip 
15 Fallow Radish 
16 Okra Tomato Sesbania Fennel 
17 Cauliflower Coriander 
18 Mustard Carrol 
19 Wheat Turnip 
20 Fallow- Radish 
21 Fallow Tomato Sorghum Fennel 
It Cauliflower Coriander 
23 Mustard Carrol 
24 Wheat Turnip 
25 Fallow Radish 
Carrol [Daucus carota) c\ Pusa Kesar; Caulif lower {Brussica olerecea hotryiis) c\. Sno-Abali: 
Cor iander {Canandru^u sainurn) cv. Local; Eggplant tSoianunj nielongcna) cv. Pusa Purple Long. 
Fennel {Faeniculum rulgarc\c\ LocaL Korsegram {Ddlichas hillarus} cv. Pusa Navbahar ; Mai7e i Z^a 
mu\ s) c\. Ganga-5; Musta rd [Brassica campcstri^) cv. RL-18: Okra (Ahelmoschus esculenius) c\ Pusa 
Sawani; Radish [Rapliaiius sunyusj c\ Pusa Rashnii . Seshania {Seshanui acutcaia) c\ I.^xai: 
Sorghum (Sorghum vulqarc) c\ X-988: T o m a t o {Lycopcrsicon lycapersicum] cv Pusa Ruh\': Turn ip 
(WrussHu rapa) cv. Redball; Wheal {Triiicum flc.vfrum) c\ HD-2285 
Triticwn acstivum L. ( F a m . - G r a m i n e a e ) c v . ' H D - 2 2 8 5 ' in d i f f e r e n i 
c o m b i n a t i o n s a i o n g w i i h f a l l o w . F e r t i l i z e r s w e r e a p p l i e d a t t h e r a t e o f 
10 k g N / h a in t w o e q u a l d o s e s a n d 55 k g P a n d K / h a in o n e s i ng l e 
d o s e . T h e c r o p s w e r e s o w n in d i f f e r e n t r o w s . T h e d i r e c t i o n o f t h e r o w s 
w a s c h a n g e d in e a c h c r o p p i n g s e a s o n in o r d e r t o ge t d i f f e r e n t 
c o m b i n a t i o n s o f t h e c r o p s . C u l t i v a t i o n t r e a t m e n t s l ike w e e d i n g , 
w a t e r i n g etc., w e r e d o n e a s a n d w h e n c o n s i d e r e d n e c e s s a r y . So i l 
s a m p l e s w e r e c o l l e c t e d f r o m e a c h p l o t a t t he t i m e o f s o w i n g a n d 
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harvesting for determining the population of plant parasitic nema-
todes, and after thorough mixing, nematodes were isolated f rom 200 g 
subsamples with the help of Cobb ' s sieving and decanting method 
alongwith modified Baermann 's funnel technique (Southey. 1986). 
Data was statistically analysed for C.D. at P = 0.05 and = 0.01 
([^anse and Sukhatme. 1978). 
RESULTS 
Results, presented m Table II and Figures 2 and 3, show the effect of 
different cropping sequences in reducing the populat ion of the root-
knot and reniform nematodes. None of the c ropping sequences based 
on a 2-years crop rotation p rogramme can be called as most effective 
for the control of these nematodes under s tudy. The reduction in 
nematode population was found more in deep ploughed (40 cm deep) 
plots than in normal ploughed (20 cm deep) plots. 
Root-knot Nematode, Meloidogyne incognita 
The results concerning the roo t -knot nematode, which is one of the 
major nematode pests, that growing carrot , cauliflower, cor iander , 
fennel, horsegram, maize, mustard , radish, so rghum, turnip and wheal 
considerably reduced the populat ion of the nema tode larvae in the soil 
f rom very low to undetectable level. Fallow invariably reduced the 
populat ion in the soil. Though the sequence number s 1 2 - 1 5 and 2 2 -
25 were effective in reducing the populat ion of nematode larvae but 
the most effective cropping sequences where the nematode popula t ion 
remained low throughout the s tud\ was fallow-cauliflovver-sorghum-
coriander (sequence no. 22) which did not bring about an increase in 
the population build-up of the nematode to the e.xtent that can cause a 
significant damage (Tab. 11 and Fig. 2). 
The population of the root-knot lar \ae, considerably increased in 
sequence numbers 1 - 8 and 1 6 - 1 7 where t o m a t o , eggplant and okra 
were grown. In sequence number 9 involving maize-wheat-eggplant-
tumip ; sequence no. 10 maize-fallow-eggplant-radish and sequence 
no. 21 fal low-tomato-sorghum-fennel , the popu la t ion of the roo t -kno t 
larvae reached to such a low le\el that even growing eggplant in 
- 1 4 4 -
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TAIil.F. II Effect of cropping sequences and mode of ploughing (normal/deep) on the 
population of the root-knot, and reniform nematodes 
Population of nematodes per 200,1; soil 
•S. No. 
Normal ploughinf; Deep ploughing 
Crops Rol Mcl Rot Mcl 
1 Initial population 107 313 20 230 
Tomalo 254 8279 120 5347 
Tomato 357 8277 277 4870 
Fallow 30 1 16 90 
Fennel 117 - - -
2 Initial population 107 313 20 230 
Tomalo 254 8279 120 5347 
Cauliflower 90 190 36 160 
Fallow 20 93 10 17 
Conander - - - -
3 Initial population 107 313 20 230 
Tomato 254 8279 120 5347 
Mustard 13 30 7 20 
Fallow 20 93 10 17 
Carrol 50 - 40 -
4 Initial population 107 313 20 230 
Tomalo 254 8279 120 5347 
Wheat - 86 - 87 
Fallow 20 93 10 17 
Turnip 43 - 35 -
5 Initial population 107 313 20 230 
Tomato 254 8279 120 5347 
Fallow 20 93 10 17 
Fallow 30 16 - 9 
Radish 50 550 50 116 
6 Initial population 107 313 20 230 
Maize 50 176 27 140 
Tomato 153 2547 237 2360 
Eggplan; 300 8247 263 7550 
Fennel 20 100 20 -
/ Initial population 107 313 20 230 
Maize 50 30 - 30 
Cauliflouer 200 - 6 -
Eggplant 240 3633 200 3423 
Cori;'.nder 193 350 17 400 
s Initial population 107 313 20 230 
Maize 50 176 27 140 
Mustard - 30 - 30 
Eggplant 57 2830 50 2686 
Carroi 7 1130 - 1000 
9 Initial population 107 313 20 230 
Maize 50 176 27 140 
Wheat 100 50 80 50 
Eggplant - 1170 - 10^3 
Turnip 150 100 100 50 
-12A-
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TABLE II (Continued) 
Populaiian nf nematodes per 21)0 g soil 
.V AV<, 
Normal plouf;hinx Deep ploughiti'^ 
Crops Rot Mel Rol Mel 
10 Inj'jel population 107 313 20 230 
M a) ^ i; 50 176 27 140 
1 d] I'j 
Eggp:anl 23 967 20 850 
Rad.'j.i 40 J 30 30 110 
11 IniUi': population 107 313 20 230 
Sorar.um 27 667 - 394 
Tomaio 221 1806 223 1730 
Horscsram 100 273 HO 206 
Fennel 100 150 80 130 
12 Iniiic^ population 107 313 20 230 
Sorgnum 27 667 - 394 
Caui:rlower 350 - 250 
Horsegram 50 190 40 150 
Conander 193 77 150 20 
13 Initial population 107 313 20 230 
Sorghum 27 667 - 394 
Mustard - 106 100 100 
Hor^gram 80 150 70 130 
Carrot 7 250 - 200 
14 Initial population 107 313 20 230 
Sorehum 27 667 - 394 
WhJat - 100 - 90 
Horsegram 100 130 100 110 
Turnip 64 - - 20 
15 Initial population 107 313 20 230 
Sorehum 27 66" - 394 
Fallou 10 103 - 80 
Horiesram 20 110 15 100 
Radisn 20 10 200 
16 Initi;. :>opulation 107 3! 3 20 230 
Okra 7 1647 33 1387 
Toma;o 240 2100 187 1913 
Sesbar.ia 23 120 10 100 
Fenne, 103 2CKJ 113 177 
r Initial copulation 107 3 I ^ 20 230 
Okra 7 1647 33 1387 
Cauyinower 30 260 - 87 
Sesbenia 27 50 20 20 
Conanaer n o 130 100 100 
IS Initia; rxjpulation 107 3:3 20 230 
Okra 7 1647 33 1387 
Mustard 10 123 - 116 
Scsterju 20 _ 17 _ 
Carrot 150 630 130 437 
- 1 2 7 -
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TABLF. II (Continued^ 
fopuhirion oj nematodes per 200;' sail 
5, .Vo. 
Normal ploughing Deep ploughing 
Crops Roi Me! Ro! 
19 initial population ml 313 20 230 
Okra 7 1647 33 
Wheat - 120 27 100 
Sesbani? "77 100 10 "0 
Turnip 130 80 40 
20 itiiliai population 107 313 20 :3i-) 
Okra 7 1647 33 13S" 
Fallovj. .V) 82 20 
Sesbania 50 50 7 40 
Radish 10 213 7 PO 
-> 1 hiiuai population 107 313 20 230 
Fallow 50 50 17 50 
Tomato 17 1027 10 
Sorghum 80 250 50 203 
Fennel 60 353 60 250 
T-i Initial population 107 313 20 230 
Fallov. 50 50 17 50 
Cauliflower 30 20 17 20 
Sorghum 17 280 20 143 
Conander 63 - 13 -
23 Initial population 107 313 20 230 
Fallow 50 50 17 50 
Mustard 27 147 10 120 
Sorghum 50 270 40 240 
Carrot 10 320 180 ISO 
24 Initial population 107 313 20 230 
Fallow' 50 50 17 50 
Wheat 70 80 40 50 
Sorghum 30 350 20 300 
Turnip 343 - 20 
1 < Initial population !07 313 20 230 
Fallou' 50 50 17 50 
Fallow 23 20 7 _ 
Sorghum 150 13 S3 
Radish 15? 120 100 
Hach value is an aver ige ol" th ree replicaie-,. 
Roi = Roiyitnchuhii '•c'ufiirnus. Mel - Mctoiiiog^ne mcogniw larvae 
s e q u e n c e n o s . 9 a n d 10, a n d l o m a i o in s e q u e n c e n o . 21 c o u l d n o t 
f a v o u r i h e p o p u l a t i o n b u i l d - u p o f t h e r o o t - k n o t l a r v a e . T h e d e e p 
p l o u g h i n g t r e a t m e n t ( 4 0 c m d e e p ) w a s f o u n d t o b e m o r e e f f e c t i v e in 
r e d u c i n g t h e p o p u l a t i o n o f t h e r o o t - k n o t l a r v a e t h a n t h e n o r m a l 
p l o u g h e d ( 2 0 c m d e e p ) p l o t s ( T a b . II a n d F ig . 2). 
- 1 3 2 -
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The relative efficacy (reproduclion factor) in normal ploughed plots 
was also calculated. In cropping sequence nos. 1 , 2 , 4 , 14, 22 and 24 the 
relative efficacy of the nematode was zero (Oj. In seq. nos. 12 and 19 ii 
was 0.25, in seq. no. 9 it was 0.31, in seq. no. 10 it was 0.41, in seq. nos. 
11 and 13 it was 0.48, in seq. no. 25 it was 0.49. in seq. no. 16 it was 
0.63, in seq. no. 20 it was 0.68. In seq. nos. 23, 15. 7, 21 and 5 it ranged 
from 1.03 to 1.90. whereas in seq. no. 8 the relative efficacy of the 
nematode was 3.61, 
In deep ploughed plots, the relat i \e efficacy in cropping sequence 
nos. 1, 2, 6, 22 and 24 was found to be zero (0). in seq. no. 3 it was 
0.07, in seq. no. 14 it was 0.09, in seq. no. 9 it was 0.22, in seq. no. 19 it 
was 0.30, in seq. nos. 17 and 25 it was 0.43, in seq. no. 10 it was 0.48. in 
seq. no. 5 it was 0.50, in seq. no. 11 it was 0.57. in seq. no. 20 it was 
0.74, in seq. no. 16 it was 0.77, in seq. no. 23 it was 0.78, in seq. nos. 12, 
13 and 15 it was 0.87, in seq. nos. 2 1 . 7 and 18 it ranged from 1.08 to 
1.74. The relative efficacy was 4.35 in seq. no. 8. 
It appears from the above relative efficacy da ta that the crop seq. 
nos. 1, 2, 4, 22 and 24 were effective in reducing the root -knot larvae 
populat ion at the time of the termination of the expenment . The re-
lative efficacy (reproduclion factor) was zero in all the above crop-
ping sequences both in normal and deep ploughed plots. 
Reniform Nematode, Rotylenchulus reniformis 
It is evident from the results presented in Table II and Figure 3 that in 
all the cropping sequences the populat ion of the reniform nematode 
was not very high to cause the c rop loss e.xcept when toma to and 
eggplant crops were employed. The nematode popula t ion slighth m-
creased to 117 per 200g soil after fennel (sequence no. 1). In crop-
ping sequence no. 6 the nematode populat ion was reduced f rom 107 
to 50 af ter maize but increased to 153 after t o m a t o and it was fur-
ther increased to 300 af ter eggplant. But the nematode popula t ion was 
brought down to 20 when the fennel crop was incorpora ted . The 
reduction in the nematode popula t ion was observed high when the 
plots received deep ploughing (40cm deep) t rea tment . 
The nematode populat ion reduced to very low and even undetect-
able number when the field was left fallow in all the cropping se-
quences. Coriander, mustard , wheat, maize, fennel, car ro t , sorahum. 
- 1 2 9 -
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cauliflower, radish and sesbania did nol favour its multiplication and 
greatly reduced the nema tode popu la t ion in different c ropp ing 
sequences (Tab. II, Fig. 3). The most effective cropping sequence 
which reduced the nematode popula t ion of this nematode were maize-
mus ta rd -eggp lan i -ca r ro t (sequence no. 8); maize-wheat-eggplant-
turnip (sequence no. 9); maizc-fal low-eggplant-radish (sequence no . 
10); so rghum-whea t -horsegram- tu rn ip (sequence no. 14); sorghum-
fal low-horsegram-radish (sequence no. 15); okra-caulif lower-sesbania-
cor iander (sequence no. 17); okra-muslard-sesbania-car ro t (sequence 
no. 18); okra-wheat -sesbania- turn ip (sequence no. 19); okra-fal low-
sesbania-radish (sequence no. 21); fa l low-caul if lower-sorghum-corian-
der (sequence no. 22); fa l low-mustard-sorghum-car ro t (sequence no. 
23); f a l low-whea t - so rghum- tu rn ip (sequence no . 24) and fallow-
fal low-sorghum-radish (sequence no. 25). The reduction in nematode 
popula t ion was more when the plots were given deep ploughing (40 cm 
deep) t r ea tmen t (Tab. II and Fig. 3). 
The relative efficacy ( reproduct ion factor) of the reniform nematode 
in n o r m a l ploughed plots in c rop sequence no . 2 was zero (0). T h e 
relative efficacy in seq. nos. 8. 13 and 25 was 0.06, in seq. nos. 20 and 
23 it was 0.09, in seq. no . 3 it was 0.18, in seq. no . 6 it was 0.19, in seq. 
no. 10 it was 0.37. in seq. no. 4 it was 0.40, in seq. no. 5 it was 0.47, in 
seq. no . 21 it was 0.56, in seq. no. 15 it was 0.58. in seq. nos. 14 and 22 
it was 0.60, in seq. no. 11 it was 0.93, in seq. no . 16 it was 0.96. The 
relative efficacy in seq. nos. 17, 1, 19, 9, 18, 7 a n d 12 ranged f rom 1.03 
to 1.80. In seq. no. 24 the relative efficacy of the nematode was 3.20. 
In deep ploughed plots , the relative efficacy in seq. nos. 1. 2, 6, 8. 13 
and 14 was observed to be zero (0). In seq. no. 20 it was 0.35, in seq. 
no. 3 it was 0.50. m seq. no 22 it was 0.65, in seq. no. 7 it was 0.85. in 
seq. no . 24 it was 1.00, in seq. no, 10 it was 1.50, in seq. no. 4 it was 
1.75. in seq. nos. 15 and 19 it was 2.00, in seq. nos . 5. 21, 11. 9, 17. 16, 
25. 18 a n d 12 it ranged from 2.50 to 7.50, in seq. no. 23 the relative 
efficacy of the reniform nematode was 9.00. 
It a p p e a r s f rom the above results tha t seq. nos . 1. 2. 6, 8. 13 and 14 
were effective in suppressing the ren i form n e m a t o d e popula t ion . The 
relative efficacy of the nematode was zero in all the above c ropp ing 
sequences in deep ploughed plots and in n o r m a l ploughed plots n 
ranged f r o m zero lo 0.60. 
- 1 3 0 -
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DISCUSSION 
The results presenicd in Table 11 and Figure 3 clearly showed that in 
all ihe 25 cropping sequences tested none of the cropping sequence was 
found to be effective in suppressing the populat ion of the nematodes. 
The larval population of the root-knot nematode considerably 
reduced by growing carrot , cauliflower, coriander, fennel, horsegram, 
maize, mustard, radish, sorghum, turn ip and wheat. The most effec-
tive cropping sequence in suppressing the nematode populat ion was 
fallow-cauliflower-sorgtium-coriander (seq. no. 22). 
The populat ion of R. reniformis was highly reduced in growing 
mustard, wheal , fennel, carrot, sorghum, sesbania. The poor multi-
plication of the nematode around mustard may be due to the presence 
of ailylisothiocyanate compound in the roots of this plant (Triffit, 
1930; Ellenby, 1945; Gommers , 1981). Various Brasska spp. have been 
recognized as beneficial crops for suppression of nematodes in crop 
rotations (Bullock, 1992; Mojtahedi et ai, 1991, 1993). Upon hy-
drolysis various Brassica spp. p roduce a range of compounds that 
include isothiocyanates, thiocyanates and nitrites. Some of these by-
products of decomposit ion can be toxic and bioassays have shown 
that they are effective against nematodes (Brown et ai. 1991: Duncan , 
1991; Grossman . 1993; Mithen, 1992). In labora tory experiments 
several of these compounds were detected in soil that had been 
amended with crop residue (Borek ei ai, 1994; Blum, 1996; Halbrendt, 
1996). The poor multiplication a r o u n d Sesbania and other non-host 
crops may partK be due to nematotoxic/nemostat ic compounds 
through roots (Ellenby, 1945; Rodr iguez-Kabana, 1992) and partly 
due to the non-availability of a t t rac tants near the root zone (Wallace, 
1963), 
During the study it was obser\ 'ed that growing suitable hosts 
consequently increased the popula t ion of plant parasitic nematodes to 
noxious levels. Moreover , these results also indicate that no single 
cropping sequence was able to reduce the nematode popula t ion. It was 
interesting to note that a highly susceptible c rop did not brina about 
increase in numbers of the nematodes if followed by non-host c rop for 
1 - 2 consecutive seasons. The populat ion of the nematode has been 
either maintamed or reduced m some plots when the plots left fallow 
- 1 3 1 -
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which might be in part due lo ihc fact that ccrtain weeds and grasses 
act as good hosts for the nematodes (Wallace, 1963; Weaver ct al 
1995). 
it was also observed during the study that the depth of ploughing 
also had a great efTcct on the populat ion of the nematodes. It was 
lound that the deep ploughing (40cm deep) brought about significant 
reduction in the popuiaiion of the nematodes over normal ploughed 
(20cm deep) treatments. The suppressive effect of deep ploughing 
treatment is due to ihe fact that the deep ploughing disturbs the 
ecological set up of nematodes which are e.xposed to external 
unfavourable conditions and their populat ions decline (Thomas, 
1978; Caveness, 19-y: Khan and Saxena, 1980; Lopez-Fando and 
Bello, 1995). 
It is clear from the foregoing findings that none of the twentv five 
cropping sequences ba.sed on 2 year rotat ion p rog ramme can be called 
as most effective sequence for the managemen t of nematodes . 
However, it can be safely concluded that the crops like mustard , 
wheat, sesbania, conander and horsegram if incorporated in the 
cropping sequences or plots allowed to remain fallow substantially 
suppressed the population of Meloidogyne incognita and Rotvlenchulus 
reniformis even to a \ery low or undetectable level. These results also 
confirm that growing of host crop favors multiplication of the ne-
matodes and non-host crop suppressed the nematode populat ion. 
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FURTHER STUDIES FOR THE INTEGRATED 
MANAGEMENT OF THE STUNT, LANCE AND SPIRAL 
NEMATODES WITH CROPPING SEQUENCES AND 
PLOUGHING 
VVEITERE STUDIEN ZUM INTEGRIERTEN PFLANZENSCHUTZ 
GEGEN VERSCHIEDENE PHYTONEMATODEN MITTELS 
FRUCHTFOLGE UND PLFUGARBEIT 
M A N S O O R .A. S I D D I Q U l 
Plant PaihologvlNcinatology Section, Department of Botany. Aligarh Muslim University. 
Aligarh-202002. India 
(Received 22 October 2002) 
In a 2 year crop rotation programme none of the 25 different sequences of crops was effective for suppressing 
the population of the stunt nematode, Tylenchorhvnchus brassicae. the lance nematode, Hopolainnis indicus 
and the spiral nematode, Helicotylenchus indicus. However, it was noted that tomato-fallow-fallovv-radish 
(seq. no. 5) was highly effective in reducing the population of the stunt and lance nematodes, fallow-
cauliflower-sorghum-coriander (seq. no. 22) for the reduction of the spiral nematode population. These 
cropping sequences were found comparatively beneficial. Generally, deep ploughing (40 cm deep) did not 
favour the multiplication of the three test nematodes. The population of the nematodes was also reduced to a 
very low level when the field was left fallow. 
Keywords: Tvlenchorhynch.us brassicae; HopoUiinuiS indicm: Helicoiylcnchus indicus: cropping .sequences; 
nematodes; integrated man;igenicnt 
I N T R O D U C T I O N 
C r o p r o t a t i o n s t ra teg> h a s flexibility in i ts a p p l i c a t i o n . T h i s s t r a t e g y , by a n d l a r g e , is 
a c c e p t a b l e t o m i n i m i z e m o s t o f t he n e m a t o d e p r o b l e m s a n d o f l e r g r e a t fle.xibility in 
a p p l i c a t i o n ( N u s b a u m a n d Fe r r i s . 1973: C a t t a n a n d Sch i l l ing , 1992; B e k u n d a a n d 
W o o m e r , ! 9 9 6 ) . In th is t e c h n i q u e t h e n o n h o s t s o r p o o r h o s t c r o p s a r e g r o w n a t 
dilTerent i n t e r v a l s in such a w a y tha t t h e n e m a t o d e p o p u l a t i o n s r e m a i n at s a f e r levels 
( J o h n s o n , 1985; F e r r i s a n d G r e c o . 1992j- M a n y s c i e n t i s t s h a v e w o r k e d to a s s e s s t h e 
elVect o f g r o w i n g n o n - h o s t c r o p s in d i f f e r e n t p a t t e r n s t o m a n a g e t h e s ingle n e m a t o d e 
spcc ies ( A m o s u , 1981; H e i n c k e , 19S6; N o e , 19S6: A u n g a n d P r o t , 1990; E s m e n j a u d e t 
aL . 1990; H a s h m i a n d H a s h m i . 1990). [n r ecen t t i m e s , s o m e r e s e a r c h w o r k e r s h a v e 
i n v e s t i g a t e d ( A l a m a ul., 1980, 19S8; F e r n a n d e z et al., 1987; K a n g et al., 1992; S m i l e y ci 
al . , 1994; Y o u n g , 19"}5) s o m e c r o p p i n g s e q u e n c e s t o r o t a t i o n p r o g r a m m e s t o s u p p r e s s 
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(he populat ion of the most noxious plant parasitic nematodes, fkit it needs more 
investigation. Hcnce, in the present findings an attempt has been made to manage the 
populat ion of some plant parasitic nematodes vj/,, Tylenchorhynchii.s hra.ssicac. 
Iloplolainms indicus and Hclicotylenchus indicus which create serious pest problems 
by growing crops in some cropping sequences. 
MATERIALS AND METHODS 
A field at University Agriculture Farm hea\ i ly infested with the stunt nematode. 
Tylenchorhynchiis brassicae Siddiqi, the lance nematode, Hopolaimus indicus Sher and 
the spiral nematode, Helicotyknchus indicus Siddiqi was selected for experiment. It 
was divided into two parts. One par t received normal ploughing (20 cm deep) whereas 
the other part received deep ploughing (40 cm deep) treatment. Both parts were 
divided into plots 9 m ' in each and a 0.5 m wide bufler zone was left between the 
normal and deep ploughed plots (Fig. 1). A two year crop rotation programme was 
established as per schedule (Table I). There were three replicates for each crop. The 
crops were tomato, Lycopersicon lycopersicwn (L.) Karsten (Fami ly -So lanaceae) cn. 
'Pusa Ruby ' , eggplant, Solamtm melongena L. ( F a m . - S o l a n a c e a e ) cv. 'Pulsa Purple 
Long ' , carrot , Dauciis carota L, (Fam. -Umbe l l i f e r ae ) cv. T u s a Kesar ' , cauliflower, 
Brassica oleracea bolrytis L. (Fam. - Cruciferae) cv. 'Snowball ' , coriander, Coriandruni 
sativum L. ( F a m - U m b e l l i f e r a e ) cv. 'Local ' , fennel, Foeniculum vulgare Mill. (Fam. -
Umbelliferae) cv. 'Local ' , horsegram, Dolichos biflorus Auct . (Fam. - Papilionaceae) 
cv. 'Pusa Navbahar ' , maize. Zea mays L. ( F a m . - G r a m i n e a e ) cv. "Ganga-S', mustard 
Brassica campestris L. ( F a m . - C r u c i f e r a e ) cv. 'RL-18' , okra / lady finger, Abelmoschus 
esculentus Moench ( F a m . - M a l v a c e a e ) cv. 'Pusa Sawani' , radish, Raphanus sativus L. 
( F a m . - C r u c i f e r a e ) cv. 'Pusa Rashmi ' , sesbania, Sesbania aculeate Poir. ( F a m . -
Leguminosae) cv. 'Local ' , sorghum. Sorghum vulgare Pers. ( F a m . - G r a m i n e a e ) cv. ^X-
jxHiRO CROP 
10 15 20 25 
iriRST CBOP 
I—1 
i l_J LU LJ LU 
FIRST CROP 
PLOT A-NORMAL PLOUGHAG 20Cm) PLOT 9- 'TJ E.P PLOUCHING; iOCtnl 
1 1GU1(.B I l .iNoul <il field c.\penmcnt bhowin^ JitVercnt cropping sequences. 
- 1 4 4 -
9 6 
CROPPING, PLOUGHING AND NtMATODLS 
TABLE 1 Sequences of differenl cropping systems 
Cropping sequences, tluration 
I Crop 11 Crop HI Crop ICrop 
Summer Winter Slimmer Winter 
April •H2 October 'S2 April '83 Octobcr '83 
5. .V„. September '82 March '83 September '83 March '84 
1 Tomato Tomato Fallow Fennel 
-> Tomato Cauliflower Fallow Coriander 
Tomato Mustard Fallow Carrot 
4 Tomato Wheat Fallow Turnip 
5 Tomato Fallow Fallow Radish 
6 ,Maize Tomato Eggplant Fen nel 
7 Maize Cauliflower Eggplant Conander 
S Maize Mustard Eggplant Carrot 
9 Maize Wheat Eggplant Turnip 
10 Maize Fallow Eggplant Radish 
11 Sorghurr. Tomato Horsegram Fennel 
12 SorghiLT. Cauliflower Horsegram Conander 
13 SorghtL'7'. Mustard Horsegram Carrot 
14 SorghiLn Wheat Horsegram Turnip 
15 Sorghum Fallow Horsegram Radish 
16 Okra Tomato Sesbania Fennel 
17 Okra Cauliflower Sesbania Coriander 
18 Okra Mustard Sesbania Carrot 
19 Okra Wheat Sesbania Turnip 
20 Okra Fallow Sesbania Radish 
21 Fallow Tomato Sorghum Fennel 
Fallow- Cauliflower Sorghum Coriander 
Fallow Mustard Sorghum Carrot 
24 Fallow Wheat Sorghum Turnip 
25 Fallow Fallow Sorghum Radish 
C a r r o t {Daucus caroia) cv. Pusa k ' s a r . 
Caul i f lower [Brassica oleracea hor-Usj cv. Snowball . 
C o r i a n d e r {Conamlrum sativum c- Local. 
Eggp lan t (Solanum meiongena) c^ Pu j a Purp le Long. 
Fenne l {Foenicutum vulgare) cv. L^val. 
H o r s e g r a m (DoHchos bifli/rus) c\ Puia N a v b a h a r , 
Maize (Zea /imys) cv. Ganga -5 . 
M u s t a r d {Brasfica campesirls) c \ . RL-18, 
O k r a (Abelmoschus esculenlus) ?usa Sawani , 
Rad i sh (Raplianus saiivus) cv. Rashmi , 
Sesbania {Se^horia acutenia) c \ . L^val. 
S o r g h u m (Sorghum vulgare) cv. 
T o m a t o (Lycopersicon tycopcrsir--".) cv. Pusa Ruby. 
T u r n i p (Brasstca rupa) cv. Redba-!, 
V^'heat (Triticum aesiivum) cv. H [ v : j S 5 . 
9 8 8 ' , t u r n i p , Brassica rr.pa L . ( F a m . - C r u c i f e r a e ) cv, ' R e d ball" a n d w h e a t . Triticwn 
acstivum L. ( F a m . - G r . i m i n c a e ) cv . " H D - 2 2 8 5 ' in \ a r i o u s c o m b i n a t i o n s a l o n g w i t h 
f a l l o w . T h e s e c r o p s f o m i 25 d i fTeren t c r o p p i n g s e q u e n c e s . In t h e t i r s t s e a s o n t h e c r o p s 
w e r e t o m a t o , m a i z e , s o r g h u m a n d o k r a w h i l e t h e r e m a i n i n g five b e d s w e r e lef t f a l l o w . 
In t h e s e c o n d s e a s o n l o n i a t o , caul i f lo\>.er , m u s t a r d a n d w h e a t w e r e s o w n w i t h o n e r o w 
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ol li\o beds as fallow. In the third season the crops were eggplant, liorscgrain, 
scsbania and sorghum with one fallow row. The last season crops were fennel, 
ci>riatider, carrot , turnip and radish. 
1-crtilizers were applied at the rate of 10 kg N/ha in two equal do.scs and 55 kg P 
and K/ha in one single dose. The crops were sown in different rows. In order to get 
dilVcrcnt combinat ions of crops the directions of rows was changed. In the first 
season the crops were sown in one direction while the direction for second season 
crops was changcd. The direction of third crops corresponded to that of first crops 
and likewise the direction of four th crops corresponded to that of second crops. In 
tiiis way 25 different combinations of crops were obtained. Weeding, watering and 
other cultivation treatments were done as and when considered necessary. Soil 
samples were collected from each bed at the time of sowing and harvesting to 
determine the populat ion of plant parasitic nematodes. After thorough mixing, 
nematodes were isolated from 200 g sub-samples with the help of Cobb 's sieving and 
decanting method along with a modified Baermann funnel technique (Southey. 
19S6). Data was statistically analysed at P = 0.05 and P = 0.91 (Panse and 
Sukhatme, 1978). 
R K U L T S 
Results presented in Table II and Figures 2, 3 and 4 clearly indicate that the different 
cropping sequences used in the two-year field e.xperiment were effective in suppressing 
the populat ion build up of the s tunt nematode , the lance nematode and the spiral 
nematode. The fallowing showed a great effect in the reduction of the nematode 
popula t ion . Nematode populat ion was less in deep ploughed (40 cm deep) plots than 
the normal ploughed (20 cm deep) plots both in host and non-host crops. 
The stunt nematode, Tylenchorhynchus brassicae 
The populat ion of the stunt nematode was greatly suppor ted by cauliflower as 
shown in sequences viz., t o m a t o - c a u l i f l o w e r - f a l l o w - c o r i a n d e r (seq. no. 2), m a i z e -
cau l i f l owcr - eggp l an t - co r i ande r f.seq. no. 1). s o r g h u m - c a u l i f l o w e r - h o r s e g r a m -
coriander (seq. no. 12), o k r a - c a u l i f l o w e r - s e s b a n i a - c o r i a n d e r (seq. no. 17) and 
fL i l l ow-cau l i f l ower - so rghum-co r i ande r (seq. no. 22). The nematode populat ion was 
more appreciable when cauliflower was grown after t o m a t o as in seq. no. 2 i.e.. 
t o m a t o - c a u l i f l o w e r - f a l l o w - c o r i a n d e r , and o k r a as in sequence seq. no. 17 i.e. 
o k r a - c a u l i f l o w e r - s e s b a n i a - c o r i a n d e r . Other good hosts of the nematode were 
eggplant and tomato . The nematode populat ion was reduced when the mus tard c rop 
was grown (seq. nos. 3, 8. 13. 18. 23). The m o s t effective cropping sequence which 
highly reduced the populat ion was t o m a t o - f a l l o w - f a l l o w - r a d i s h (seq. no. 5). The 
popula t ion (seq, no. 5) of the nematode was reduced f rom 267 to 122 af te r tomato , 
to 40 af ter fallow, to 13 after fallow. The popula t ion was slightly increased to 173 
per 200 g soil after a radish c rop was sown (Table II, Fig. 2). The popula t ion of 
Tylenchorhynchus hrassicdc was greail>' suppressed by fallowing. Here deep 
ploughing (40 cm deep) was a limiting tactor in the popula t ion build up and the 
popula t ion of the s tunt nematode was reduced more than the normal ploughed 
(20 cm deep) plots. 
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I ABLli 11 litTecl of crop rotation and ploughing (normal deep) on the population of the .stunt, la.itc aiul spir.il 
ncir.atodcs in field 
f'opiiliilion of iwrnalodes per 200 f; .soil 
S. .\o 
Normal ploughing Deep ploughing 
Crops Trh Hop Hel Trh Hop Hel 
Initial population 267 30 116 220 30 80 
Tomato 122 18 13 193 10 20 
lomato 790 10 26 725 36 
Fallow 63 17 20 60 30 30 
l^cnnel 216 73 37 176 93 KXl 
13.~3 C.D.iP = 0.05) 30.94 11.77 16.12 30.00 9.15 
C.D.( / ' = O.OI) 43.38 16.49 22.61 42.06 12.83 19.25 
Initial population 267 30 116 220 30 SO 
Tomato 122 18 13 193 10 20 
Cauliflower 2683 70 230 2500 60 1 10 
Fallow 40 20 20 30 20 iO 
Coriander 110 40 60 63 40 
C.D.iP = 0.05) 33.56 11.33 16.56 32.25 8.93 13.95 
C.DAP = 0.01) 47.05 15.89 23.22 45.21 12.53 19.55 
Initial population 267 30 116 220 30 80 
Tomato 122 18 13 193 10 20 
Mustard 357 187 80 123 123 70 
Fallow 40 20 20 30 20 10 
Carrot 180 110 29 120 20 60 
C.D.(P = 0.05) 32.90 10.68 17.65 31.38 8.49 15.47 
C.D.(P = 0.01) 46.13 \4,96 24.75 43.99 11.91 21.69 
Initial population 267 30 116 220 30 80 
Tomato 122 18 13 193 10 20 
Wheat 127 247 290 123 20 250 
Fallow 40 20 20 30 20 10 
Turnip 150 47 27 120 07 20 
C.D.(P = 0.05) 33.99 10.24 17.87 33.33 8.28 1 5.90 
C.D.CP = 0.0!) 47.66 14.36 25.05 47.35 11.61 22,30 
Initial population 267 30 116 220 30 SO 
Tomato 122 18 13 193 10 20 
l-allow 40 20 20 30 20 10 
Fallow 13 17 20 03 30 1 3 
Radish 173 23 80 153 07 30 
C.D.(F = 0.05) 33.12 9.81 18.30 33.33 7.84 15,90 
C.D.(P = 0.01) 46.44 13.74 25.66 46.74 10,99 22 30 
Initial population 267 30 116 220 30 SO 
Matze 347 153 60 194 140 133 
Tomato 250 S3 47 166 
Eggplant 536 - 107 273 33 20 
Fennel 427 66 - 343 53 
C.D.(P = 0.05) 34.21 7.63 20.04 33.77 6.54 16.99 
CX).(P = 0.01) 47.96 10.69 28.11 47.35 9.16 23,83 
Initial population 267 30 116 220 30 SO 
Mai^e 347 153 60 194 140 133 
Cauliflower 1563 126 287 1460 n o 2S0 
50 Eggplant 380 53 100 267 50 
Coriander 207 63 63 93 76 0" C.D.C/" = 0.05) 33 34 7.63 9.15 32.92 6.75 S,93 
C.D.CP = 0.01) 46.72 10.69 12.83 46.16 9.47 12,53 
Initial population 267 30 116 220 30 SO 
Maize 347 153 60 194 140 13? 
(conlinut'd o\trU'af ) 
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TAB LIU I (cnminued) 
S. Si, 
I'opuhiUon of nematodes per 2110 soil 
Sornuil itliiu/ihin^ Deep ploiif;lun;; 
Crops Trh Hap He! Trh Hop He! 
Mustard 250 137 213 163 S3 207 
li^^plam 850 50 203 743 -
C\irrol 39" 13 103 330 - SO 
C - Of 28.76 7.19 10.69 30.94 6.97 9,3" 
C ,D. (P - 0 01) iO,33 lO.OX 14.97 43.38 9.78 13,14 
Inuial populi lion 26" 30 116 220 30 SO 
M;uze 153 50 194 140 133 
Wheat 240 76 207 177 50 163 
Hjgplant "9" 253 193 716 250 143 
Turnip 180 70 26 150 06 50 
C\D.( / ' = 0 05) ?:v77 10.02 14.38 32.25 9.59 15.69 
C D, ( / ' = Of )1) 4".35 14.05 20.16 45.21 13,44 21.99 
1/iiiial popii^aiion 26" 30 116 220 30 SO 
M.i.ze 153 60 194 140 133 
("aliow 110 23 57 43 46 20 
UiiLrplant 34" 20 53 250 - 53 
Radish 213 13 57 197 - 20 
C.D.(P = 0 05) 35.29 10.46 15.25 30.72 10.89 I4.S2 
C .D. ( / ' = Oi '1) 49.49 14.66 21.39 43.03 15.27 20.77 
Initial pop'a:^ tion 26" 30 116 220 30 SO 
Sorghum 128 60 ^53 100 50 153 
Tomato 22" 73 20 210 40 17 
Horsegram 25" 120 100 200 100 80 
Fennel 166 80 30 100 50 -
Q.D.iP = 0.05) 3^91 11.34 19.61 31.16 9.81 14.3S 
C D.(P = O.iil) 53.15 15.55 27.40 43.69 13.75 20.16 
Initial popuii tion 26" 30 116 220 30 80 
Sorghum 128 60 253 100 60 153 
Cauliflower 1553 73 20 1450 SO ISO 
Horsegram 130 120 100 100 70 143 
C'onander 80 30 350 50 40 
C.D (F = 0 i5) 34.26 12.20 18.96 29.63 10.46 n . 2 i 
C DAP = I-: d) 52.24 17.11 26.58 41.55 14.66 24.13 
li;:;ial pop:' i 2n" 30 116 220 30 80 
So ' ihum :2> 60 253 100 50 153 
^^_^!a^d i 3 ~ SO 120 - 100 -
H or^egrarr. 50 170 80 30 150 
Cjrrot i 2'.'' 96 20 160 63 13 
C.D, (P = ; '5) 34.65 12.42 18.52 28.76 10.89 16 34 
C D (P = 0 : d i -8.57 17.41 25.97 40.33 15.27 22.91 
ln;;ial p o p u j ;ion 2c>" 30 116 220 30 80 
Sorehum • 28 60 253 100 50 153 
U heat 1 - ; 176 247 160 157 193 
Horsegrar. 2"- 200 87 186 190 70 
T_mip 323 70 120 287 163 
C D. (P - - . --i »7 11.11 19.39 25.27 S.72 16."8 
C D. (P - • • d) -8.27 15.58 21.19 35.44 12.22 23 
Initial poruiation 2o" 30 116 220 30 80 ' 
Sorghum i 2 > 60 253 100 50 153 
F..irow 83 60 53 40 63 
Horsegrar: 23i.l 37 33 215 30 30 
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TABLE II (coniiniicil) 
i'. A o 
Populiilicn ('I iii'nialdii^'s per 2fl<) sot! 
Nornicit ploui^fiiiig Di i'p plitiii;hiny^ 
Ci\'ps Trh Hop //<•/ Trh Hop He! 
C.D-{P = 0 05) YM 11.98 20 26 34.60 29.37 18.09 
C.D. ( / ' - 0 01) 52 55 16.80 28 41 48.51 13.14 25.36 
Ini'.ial popu:a;ion 26' 30 1 16 220 30 80 
Okua _ 1 ; 70 120 200 65 63 
Tomato 37 67 210 33 76 
Sesbania 25" 1 10 100 230 100 80 
Coriander - 83 233 - 63 
C .D . (P = 0 05) :•- 69 11.55 19.83 33.77 8,93 19."' 
C .D. ( / ' - 001) 52 85 16.19 27.80 47.35 12.53 26.88 
Iniiial popuiation 26" 30 116 220 30 80 
Okra ^ i ; 70 120 200 65 63 
Cauliflower 133 123 1660 100 103 
Sesbania 2-? 27 153 113 137 
Coriander 15'1 63 07 130 50 
C.D.{P - O o5) •^20 8.86 24.40 36.83 5.45 23.09 
C D.{P = 0 01) 6S 6.32 34.22 51.63 7.64 32.38 
Initial popL.ation 30 116 220 30 80 
Okra 70 120 200 65 63 
Mustard 1 _ 40 57 122 27 50 
Sesbania r? - 203 140 13 170 
Conander 22? 33 07 120 _ 26 
C.D.C/" = 0.05) .•S.57 5.88 22.66 37.82 5.01 22.22 C.D.(P - 0.01) 54.0' 8.25 31.77 52.27 7.03 31.16 
Initial population 2d~ 30 116 220 30 80 
Okra ! " 70 120 200 65 63 
U'neat 1 ~ 140 133 177 116 127 
Sesbania -6 30 270 137 133 143 
Tuniip 220 56 77 173 50 53 
C D.CP = :M)5) "s IS 5.66 21.79 30.29 6.10 22.00 
C .D. (P = lOl) 52.27 7.94 30.55 42.46 8.55 31.47 
Ir.itial population 2-" 30 116 220 30 80 
Okra 70 120 200 65 63 
F.,llow : >1 63 43 40 50 60 
Se^banla ; 77 36 220 66 33 
Radish 07 47 80 23 ^3 
C D. (P - i 05) 25,12 12.73 13.29 32.03 7.41 12.86 
C .D. (P = 1.01) 52 -16 11.55 18 63 44.90 10.39 18.02 
L'ltial population 2?" 30 116 220 30 80 
Fallow 93 60 110 13 50 
Tomato 212 70 113 210 50 90 
Sorghum 150 20 236 143 ^ 210 
Fennel 150 20 47 206 - 40 
C D. (P - 0 05) 29,S7 5.22 14.60 32.6S 4.35 13.51 C D.(P = lOl) ^>.91 20.4' 45.83 6.11 18.94 
Initial por-lation 2?" 30 116 220 30 80 
Fallow • ^ ^ 93 60 110 13 50 
Caulitlo've: 1 2 0" 86 846 _ 70 
Sorghuiv. -N ~ 43 93 697 21 50 
Coriande: 20 63 170 30 3^ 
C .D . ( / ' - 1.105) 78 5.01 15 04 31.81 4.79 13.95 
C D (/ ' - -Mil) .M 28 ".03 21.08 44.60 6.72 19.55 
16. 
17 
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TABI..I;/( (ai/in/uic-t/) 
Population ttf iicn\(ito(les per 200 soil 
Sornhil plou^ltin^ l>i'Cj} ploil^hilly^ 
.V, No Crops Trh Hop Hel 7 H I Hop Hcl 
2.1 Initial population 267 .30 116 220 30 SO 
Fallou' !33 93 60 !10 13 50 
.Mu.siard 116 40 S.3 90 27 70 
Sorghum :-'0 70 2S7 105 20 136 
Carrot J)') .SO 40 87 70 23 
C.D.(P - 0.05) 35.52 1? 81 23.75 35,08 11.85 23 
C.D.iP ~ 0.01) 49.79 17.96 33.19 49.19 16.61 32.^9 
24. Initial population 267 30 116 220 30 80 
Fallou' 133 93 60 110 13 50 
Wheat 2Si| 1«) 170 153 127 120 
Sorghum 2-0 187 200 « ) IW 
Turnip 77 90 53 40 
C.D.( / ' = 0.05) 3(3.39 5,44 22.99 35.95 6.05 23,53 
C.D.iP = 0.01) 51 02 7.63 32.23 50.41 8 . 4 9 32.99 
25, [nitial population 30 116 220 30 80 
Fallou ; > T 93 60 110 13 50 
Fallow 34 30 40 33 - 20 
Sorghum 150 200 114 .30 93 
Radish i l3 37 33 143 47 13 
C.D.iP = 0.05) 38.57 4.75 25.93 37.9) 6.28 24.84 
C.D.iP = 0.01) 54.07 6.66 36.35 53.57 8.79 34.83 
Each s alue is an a \5rage of three repjc^'.es, 
Trh = Ty!enclwrii\nchus brassicui'. He? ^ Ihtplolaimus indicus, Hel = flelicmytenchus indicus. 
The lance nematode, Hoplolaimtis indicus 
The populat ion of Hopiolaumis indicus was greatly increased in the cropping 
sequences viz.. t o m a t o - m u s t a r d - f a l l o w - c a r r o t (seq. no. 3), t o m a t o - w h e a t -
f a l l o w - t u r n i p (seq. no. 4). maize - t oma to - e g g p l a n t - f e n n e l (seq. no. 6), ma ize -
caul i f lower-eggplant -coriander (seq. no. 7). m a i z e - w h e a t - e g g p l a n t - t u r n i p (seq. 
no. 9) and s o r g h u m - w h e a t horsegram • turnip (seq. no. 14). Highest rate of 
multiplication was observed m seq. no. 9 and 14. But in tomato - t oma to - fallow -
fennel (seq. no. 1) and in s o r g h u m - w h e a t - h o r s e g r a m - t u r n i p (seq. no. 14) the 
popula t ion was reduced lo an undetectable level. By and large, sesbania, wheat , 
maize, caulitlower, eggplant and horsegram crops favoured multiplication of the 
nematode, but sorghum, fennel, turnip, radish and carrot did not support the 
multiplication rate of the nematode, h is probably because many weeds and grasses 
did not ser\e as good hosts for the multiplication of this nematode. The nematode 
popula t ion was highly reduced in tomato - mustard - f a l l o w - c a r r o t (seq. no. 3), 
m a i z e - f a l l o u - e g g p l a n t - r a d i s h (.seq. no. 10). okra t o m a t o - s e s b a n i a - f e n n e l (seq. 
no. 16). and okra - fallow - sesbania radish (no. 20). In all the crop sequences, deep 
ploughing (40 cm deep) had a slight edge over the normal ploughing (20 cm deep) 
for the reduction of the nematode populat ion. It was observed that fallow plots 
invariably reduced the ne-r.aiode populat ion (Table II, Fig. 3). 
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I he spiral nematode, Helicotylenchus indiciis 
liy and large, tomato, eggplant, cauliflower, mustard, wheat, sesbania, either increased 
the multiplication rate of the nematode or maintained the population of the nematode 
in the preceding crop. In all the 25 cropping sequences deep ploughing (40 cm deep) was 
found more effective in reducing the nematode populat ion than the normal ploughing 
(20 cm deep) treatments (Table II, Figure 4). 
All the cropping sequences were effective for either suppressing or maintaining the 
populat ion of this nematode and there was no definite trend. However the cropping 
sequences viz., m a i z e - t o m a t o - e g g p l a n t - f e n n e l (seq. no. 6), sorghum - f a l low-
h o r s e g r a m - r a d i s h (seq. no. 15), o k r a - c a u l i f l o w e r - s e s b a n i a - c o r i a n d e r (seq. no. 17) 
and o k r a - m u s t a r d - s e sban ia - ca r ro t (seq. no. 18) were found to be highly efTective in 
reducing the nematode populat ion (Table II, Fig. 4). 
DISCUSSION 
The results presented in Table II and Figs. 2, 3 and 4 clearly show that in all the 25 
cropping sequences none of the crop was efTective against the lest nematodes viz.. 
Tylenchorhynchus brassicae, Hoplolaimm indiciis and Helicotylenchus indicus at one 
time, though there were instances where individual nematode species were controlled. 
The popula t ion of Tylenchorhynchus brassicae was considerably reduced by growing 
mustard. Tomato , eggplant and cauliflower, which appear to be a good host for the 
nematode, increase the populat ion of T. brassicae (Alam et ai, 1977, 1979, 1988). T h e 
most effective cropping sequence in reducing the nematode populat ion was t o m a t o -
f a l l o w - f a l l o w - r a d i s h (seq. no. 5). Though the populat ion of Hoplolaimus indicus was 
reduced when sorghum, fennel, turnip, radish, carrot and mustard were grown. The 
popula t ion of Helicotylenchus indicus was reduced in the sequence of m a i z e - t o m a t o -
eggp l an t - f enne l (seq. no. 6), s o r g h u m - f a l l o w - h o r s e g r a m - r a d i s h (seq. no. 15). 
o k r a - c a u l i f l o w e r - s e s b a n i a - c o r i a n d e r (seq. no. 17) and o k r a - m u s t a r d - s e s b a n i a -
carrot tseq. no. 18). The poor multiplication of the nematodes around mustard may bo 
due to the presence of allylisothiocyanate compound in the roots of this plant (Triliit. 
1930; Ellenby. 1945; Gommers , 1981). Various Brassica sp. have been recognized as 
beneficial crops for the suppression of nematodes in c rop rotations (Bullock, 1992; 
Mojtahedi et ai. 1993). Upon hydrolysis various Brassica spp. produce a range of 
c o m p o u n d s that include isothiocyanates, thiocyanates and nitrites. On decomposi t ion 
some of the by-products of these compounds can be toxic against the nematodes 
(Brown et ai. 1991; Duncan, 1991; Grossman, 1993; Mithen, 1992). 
Dur ing stud\ it was interesting to note that a highly susceptible c rop did not bring 
about an increase in numbers of the nematodes if followed by a non-host crop for I - 2 
consecut i \e seasons. The populat ion of nematodes has been either maintained or 
reduced when the plots were left fallow which might be in part due to the fact that 
certain weeds and grasses act as good hosts for the nematodes (Wallace. 1963; Weaver 
ct ai. 1995). 
The suppressant effect of deep ploughing (40 cm deep) treatment is due to the fact 
that the deep ploughing disturbs the ecological set up of nematodes which are exposed 
to e.xternal untavourable condit ions and their populat ions decline ( K h a n and Saxena. 
1980; Lopez-Fando and Bello, 1995). 
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ft is d e a r from the foregoing results that none of the sequences tested was erlfcctive 
against the nematode species at one time, though there were instances where individual 
nematode species were controlled. It can be safely concluded that the crops like 
mustard , wheat, sesbania, coriander and horsegram if incorporated in the cropping 
sequences or plots allowed to remain fallow substantially suppressed the populat ion of 
Tyk'nchorhynchus brassicae, Hoplolaimus indicus and h'elicotylenchii.s indicus even to a 
very low or undetectable level. The results also showed that growing host crop favours 
multiplication of the nematodes and non host c rop suppress the nematode populat ion. 
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RELATIVE EFFICACY OF DIFFERENT CROPPING 
SEQUENCES INTEGRATED WITH PLOUGHING FOR 
THE MANAGEMENT OF PLANT PARASITIC 
NEMATODES 
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The relative cITicacy of 25 dilTercnl c ropp ing sequences was tested at the end of the experiment . It appears that 
for Hopldlaimus iiidictis sequence number 16, 20, X and 10 yave high reduction in rate of reproduction, for 
Hc'licdiyU'iicliiis indicus sequence No. 6, 11, 17 and for Rdlylcin hulus n-iiijoniiis sequence No. 2, 8. 1? and 
14, for TyU'iicluirhyiicliiis hnissiaic sequence No. 6. 24, 3 and I for Mcldidnfirnc incognita larvae sequence 
No. 1 , 2 , 4 and 24, for I'ltiivlcitchiis co/jciic sequence No. 1,2,.^ and 5; for T\ Icm hus tililoniiis sequence No, 2, 
3, 4 and 5. 
A'criif/(/.v: plant parasitic nematodes; cropping sequences; ploughuig 
I N T R O D U C T I O N 
N c m a t i c i d c s a r c ihe s u r e a n d i n s t a n t c o n t r o l m e a s u r e s f o r p l a n t p a r a s i t i c n e m a t o d e s . 
But t h e s e c h e m i c a l s a r e ve ry c o s t l y , h a z a r d o u s in n a t u r e a n d p o o r f a r m e r s c a n n o t 
a f f o r d it. T h i s s i t u a t i o n p u t s a s e r i o u s q u e s t i o n m a r k on the i r r e l e v a n c e f o r t he f u t u r e . 
T h e r e f o r e , it w a s d e c i d e d to i n v e s t i g a t e t h e n o n - c h e m i c a l m e t h o d s l ike c r o p r o t a t i o n . 
T h i s s t r a t e g y is very e f fec t ive in m a n a g i n g t h e p o p u l a t i o n of p l a n t p a r a s i t i c n e m a t o d e s 
t o a g r e a t e x t e n t . It c a n so lve m o s t o f t h e p l a n t p a r a s i t i c n e m a t o d e p r o b l e m s a n d h a s a 
g r e a t a p p l i c a t i o n Ikwibi l i ty ( N u s b a u m & F e r r i s , 1973; D u n c a n & Fe r r i s , 1983; 
R a y m u n d o , 1985; N o e , 1986; D e r r o n , 1988; Y e a t e s c^ H u g h e s . 1990; B a r k e r . 1991; 
C a t t a n & Sch i l l i ng . 1992). N o n - h o s t o r p o o r h o s t c r o p s a r c u s e d in such a w a v a t 
d i l f c r c n t t i m e i n t e r v a l s t h a t t he p o p u l a t i o n o f p l a n t p a r a s i t i c n e m a t o d e s is m a i n t a i n e d a t 
l o w levels ( J o h n s o n , 1985; F e r r i s c^ G r c c o , 1992). 
1SSN0.^2.V54(),S prnu; ISSN 1477-2W6 onluic ' 200.rraylorc>^ f rancis Ltd 
DOl : 10.10S0/0.12.VS4(K).^i 1 (K)01604062 
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M a n y sc i en t i s t s succes s fu l ly used n o n - h o s t c r o p s in d i f l c rcn t p ; i t lcrns to m a n a g e a 
single n e m a t o d e species ( A m o s u . 1982; H e i n c k e , 1989; A u n g & P ro t , 1990; E s m e n j a u d 
L't a/., 1990). S o m e sc ien t i s t s a lso w o r k e d to assess the edec t of n o n - h o s t c r o p s in 
difTerent c r o p r o t a t i o n p r o g r a m m e s to s u p p r e s s the m o s t n o x i o u s p o p u l a t i o n s of p l an t 
pa ras i t i c n e m a t o d e s ( F e r n a n d e z c-t al., 1987; A l a m ci oL, 1980, 1988; R a n g ci cii, 1992; 
Smiley e! a!. , 1994; Y o u n g . 1995). Still l i t t le is k n o w n a b o u t the relat ive ed lcacy of 
c r o p p i n g s e q u e n c e s i n t e g r a t e d with p l o u g h i n g ( n o r m a l / d e e p ) fo r the m a n a g e m e n t of 
p lan t p a r a s i t i c n e m a t o d e s . 
M A T E R I A L S A N D M E T H O D S 
T h e e x p e r i m e n t a l a r ea at Un ive r s i t y A g r i c u l t u r e F a r m n a t u r a l l y i n f e s t ed wi th the 
l ance n e m a t o d e , Hoplnlainuis iiuliciis S h e r , t h e sp i r a l n e m a t o d e , flclicoiylcnchus 
iuclicus S i d d i q i , the r e n i f o r m n e m a t o d e , Rolylencliulii.s rcnijonuis L i n f o r d & 
Ol ive i r a , t h e s t u n t n e m a t o d e . TyU'iuhorliyiichu.s hras.sicac S idd iq i , t h e r o o t - k n o t 
n e m a t o d e l a r v a e . .\fi'liiiil(>i:ync nicdi^iiiid ( K o f o i d W h i l e ) C h i t w o o d . t h e lesion 
n e m a t o d e . Praiylciiclui.s coffcuL' ( Z i m m . ) F i l i p & S t e k h . a n d the f i l i fo rm n e m a t o d e , 
Ty/enc/ius ft/iforinis Bu t sch l i was se lec ted a n d d i v i d e d i n t o (wo pa r t s . O n e p a r t w a s 
p l o u g h e d in the n o r m a l w a y (10 c m ) a n d t h e o t h e r p a r t received d e e p (40 c m ) 
p l o u g h i n g t r e a t m e n t . B o t h the p a r t s w e r e d i v i d e d i n t o p l o t s 9 s q . m . in each a n d 
0.5 m b u t l e r z o n e w a s lef t be tween t h e p l o t s . A t w o - y e a r r o t a t i o n s c h e m e w a s 
e s t a b l i s h e d a s pe r the s c h e d u l e d e s c r i b e d in T a b l e I. T h e r e were th ree r e p l i c a t e s f o r 
each c r o p . T h e c r o p s were t o m a t o , Lycopcr.sicon csculciuuin L. ( F a m i l y -
S o l a n a c e a e ) cv. ' P u s a R u b y ; , e g g p l a n t , Solainim nwlongciui L. ( F a m . - S o l a n a c e a e ) 
cv. "Pusa P u r p l e L o n g ' , c a r r o t . Damns carola L. ( F a m . U m b e l l i f e r a e ) cv. ' P u s a 
K e s a r ' , c a u l i t l o w e r , Brassicci oieracca boirylis L. ( F a m . - C r u c i f e r a e ) cv . ' S n o w 
ball", c o r i a n d e r , Coriaiulrum sanvum L. ( F a m . - U m b e l l i f e r a e ) cv. ' L o c a F , f enne l , 
Foeniculuni viilgare M i l l . ( F a m . - U m b e l l i f e r a e ) cv . ' L o c a T , h o r s e g r a m , Doliclios 
hijionts A u c t . ( F a m . - P a p i l i o n a c e a e ) cv . "Pusa N a v b a h a r ' , ma ize , Zee/ mays L. 
( F a m . - G r a m i n e a e ) cv . ' G a n g a - 5 ' , m u s t a r d , Ihassica campcsiris L. ( F a m . 
C r u c i f e r a e ) cv. " R L - i 8 " . o k : a l ady l i n g e r , Ahelnioschus cscii/cnms M o e n c h 
( F a m . " M a l v a c e a e ) cv . "Pusa S a w a n i ' , r a d i s h , Raphanus sailviis L. ( F a m . --
C r u c i f e r a e ) cv . ' P u s a R a s h m i " . s e s b a n i a , Scshania aculcdla Po i r . ( F a m . ~ L e g u m i -
n o s a e ) c \ . "Local", s o r g h u m , Si'rglu/m vulgarc Pers . ( F a m . - G r a m i n e a c ) cv. 'X-988" , 
t u r n i p , Brassica nipa L. (Fa i r . . - C r u c i f e r a e ) cv . "Red ball" a n d w h e a t , Triiiciini 
(U'siivuni L . ( F a m . - G r a m i n e a e i cv. ' H D - 2 2 8 5 ' in dilVerent c o m b i n a t i o n s a l o n g wi th 
f a l l o u . I n o r g a n i c f e r t i l i z e r s at :he r a t e o f 10 kg N / h a w e r e i n c o r p o r a t e d in t w o 
e q u a l d o s e s a n d 55 k g P a n d K ' h a in o n e s ingle d o s e . T h e c r o p s w e r e s o w n in 
d i f l e r e n t r o w s . In o r d e r t o get cilTerent c o m b i n a t i o n s o f t h e c r o p s , t h e d i r e c t i o n of 
the r o w s w a s c h a n g e d in e a c h c r o p p i n g s e a s o n . W a t e r i n g a n d w e e d i n g w e r e d o n e 
as a n d w h e n c o n s i d e r e d n e c e s s a r y . T w e n t y soil s a m p l e s a t a d e p t h o f 20 c m w e r e 
t a k e n f r o m e a c h p lo t a t t h e t ime o f s o w i n g a n d h a r v e s t i n g for d e t e r m i n i n g the 
p o p u l a t i o n of p l a n t p a r a s i t i c n e m a t o d e s . A f t e r t h o r o u g h m i x i n g , n e m a t o d e s were 
i so la t ed f r o m 200 g s u b s a m p l e s w i th t h e h e l p o f C o b b ' s s iev ing a n d d e c a n t i n g 
m e t h o d Li longwith m o d s l i e d E . i e r m a n n f u n n e l t e c h n i q u e ( S o u t h e y , 1986). T h e 
n u m b e r o f n e m a t o d e s w a s c o u n t e d a n d t h e n e m a t o d e p o p u l a t i o n w a s d e t e r m i n e d . 
F o r r e l a i n e el l icacy t h e initial p o p u l a t i o n (Pi) at t h e b e g i n n i n g of c r o p p i n g 
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T A B L E 1 Sequences of clitVciciit croppins: sysicDis 
Cro/tpin^ scq(ic'iu e.s/<liiran/»t 
/ Croj) Sumnwr // Crop H'iiiicr III Crop Siiniiucr / I ' Cro/> W'iiiicr 
April SI - Oclohcr '.v: - .-Ipril \S3 Oclohcr \S_I 
Scplciiihcr '82 March SJ Sc/:!Clll/H'r 'iS'.? March 'AV 
1 Toni;ilo T o m a t o Fallow Fennel 
2 Tom;i lo Caulil lower Fallow Coria ndcr 
ToniuK) Muslard Fallow Carrol 
4 To ina lo Wlieat Fallow Turnip 
5 ToiiKilo l-allow Fallow Radish 
6 Maize T o m a t o Leeplaiit r-enncl 
7 Maize Caulillower Eeeplant Coriandci 
K Maize Mustard Lggplaiil Carrol 
9 Maize Wheat Eggplant Turnip 
10 Maize I-allow Eggplant Radish 
1 1 Smghiuii T o m a t o 1 forscg tam l''enncl 
12 Soighuni Caulillowc-r 1 K>rsegram Coriander 
Soi^iluiiii Mu.stard Horsogram Carrot 
14 Sorghum Wheat Horsegram Turnip 
15 Sorgluini Fallow Hoi segram Radish 
16 Okra T o m a t o Sesbania I'cnnel 
17 Okra Caulillower Scshania Coiiaiulci 
IS Okra Muslard Scsbania Carrol 
19 Ok I a Wheal Sc.sliaiiia (ui llip 
20 Ok.a F';illow Scsbaiua Radish 
21 Fallow T o m a t o Sorghiuii Fennel 
22 Tallow Caulil lower So rghum Coriander 
2;, 1-allow Mustard Sorghum Carrot 
24 l-allcw Wheal So rghum Turnip 
25 l-allow Fallow Sorghum Radish 
Carrol iOuimi'- curtiiu) cv. Pvisa Kcsar. 
C a i i l i t l o w e r iBra.ssiiu iili'iintu hmrylis) cv. S n o w b a l l . 
C o r i a n d e r {Curiatulnmi MUii uin) . L o c a l . 
Lgi - 'p lanl (Siilaiuiiii /ii(7(i//,i;ch</) cv . Pii.sa P u r p l e L o n e . 
I ' c n n c l (F'tc'ii( uliint yul^mc) c\ ' . L o c a l . 
H o r s c u r a i i i {l)iili<liii.\ hillanis) cv I ' u sa N a \ h a h a r . 
M a i z e iZvu min.v) cv . G a n g a - 5 . 
MusLarU i^titassua (.anijh'slris] c^ 
O k r a {Ahi ' lDidschus I ' s a i l i ' i nus ) . [*usa 
R a d i s h { Rtipluiniis sutinis) cy. P u s a R a s h n i i . 
S e s b a n i a {Scshaiini innlcuUt) cv . [ . t tca l . 
S o r g i u i i i i {Snr^h i in i v u l t u r e ) cv . X-'.)XS, 
T o m a U i i Lvi I'/'i'twii f>n l\ f npcr.\ii uin) cv . i ' lK t Kviby. 
T u r a i p (lfra\sUa rapa) cv. l ^ c d b a l l . 
W h e a l {Iriiuiiiii tu'sHvum) cv. HD-22X. ' i . 
s c q u c n c c s a n d I m a l n e m a t o d e p o p u l a t i o n ( P f ) a t t h e e n d o f t h e c r o p p i n g s e q u e n c e s 
w e r e t a k e n a n d t l i c r e h i t i v e c l F i c a c y ( R e p r o d u c t i o n f a c t o r ) R = P f / P i u a s 
c a l c u l a t e d . T h e l e s s R , t h e m o r e e l T c c t i v e i s t h e c r o p p i n g s e q u e n c e a n d v i c e v e r s a . 
RESULTS 
In a t w o - y e a r c r o p r o t a t i o n e . x p e r i m c n t . 2 5 c r o p p i n g s e q u e n c e s w e r e t r i a l l e d a n d t h e 
i c l a t i v c c I T i c a c y o f e a c h o f t h e s e q u e n c e s w a s n o t e d . T l i e r e s u l t s p r e s e n t e d in T a b l e II 
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s h o w e d t h e re la t ive eflTicacy o f d i f T e r e n t c r o p p i n g s e q u e n c e s ba sed on t h e r e p r o d u c t i o n 
f a c t o r ( P f / P i ) o f p l a n t pa ra s i t i c n e m a t o d e s viz., Hoplolaimiis indicus, Helicotylenchus 
inilicus, Roiylenchiilus remformis, Tylenchorhynchus hrassicae, Meloidogyne incogniia 
l a rvae , Fratylenchus coffeae a n d Tylenchus flifonnis in n o r m a l (20 c m ) and d e e p 
(40 c m ) p l o u g h e d p lo t s . In all t he c r o p p i n g s e q u e n c e s d e e p p l o u g h i n g h a d a n edge o v e r 
the n o r m a l p l o u g h i n g . T h e n e m a t o d e p o p u l a t i o n w a s r e d u c e d to very low and e v e n 
u n d e t e c t a b l e n u m b e r s when t h e field w a s left f a l low. T h e resu l t s of the e x p e r i m e n t in 
de ta i l a r e given b e l o w ; 
The lance nematode, Hoplolaimiis indicus 
In n o r m a l p l o u g h e d p lo t s the re la t ive ef f icacy in s e q u e n c e n u m b e r 16 w a s f o u n d highl> 
e f fec t ive in r e d u c i n g the n e m a t o d e p o p u l a t i o n . T h e re la t ive eff icacy in th i s s equence w a s 
z e r o (0 .00) . In s e q u e n c e n u m b e r 1! a n d 23, the relat ive e f i k a c y was h ighes t (2.67). In 
s e q u e n c e 20 the re la t ive elficacy w a s 0 .23 , in seq. 8 a n d 10 it w a s 0.43, in seq. 3 it w a s 
0 .66 , in seq. 2 ! a n d 22 it was 0 .67, in seq . 5 it w a s 0 .76, in seq . 2 , 4 , 13-, 15. 18. 19 a n d 25 
t h e re la t ive ef f icacy r a n g e d f r o m 1.10 t o 1.87. In seq. 1, 6, 7, 9, 12, 14, 17 and 24 t h e 
re la t ive eff icacy r a n g e d f r o m 2.10 t o 2 .57. 
In d e e p p l o u g h e d p lo t s the re la t ive ef f icacy in s e q u e n c e n u m b e r 8, 10. 16. 18 and 21 
w a s f o u n d very cfTective in r e d u c i n g t h e n e m a t o d e p o p u l a t i o n a n d the re la t ive efficacy in 
these s e q u e n c e s w a s ze ro (0.00). In s e q . n o . 14 the re la t ive ettiCvicy was o b s e r v e d h ighes t 
(5 .43) . In seq. 9 it w a s 0 .20, in seq. 5 it w a s 0 .23 , in seq. 3 it w a s 0 .67 a n d in seq . 20 it w a s 
0 .70. In seq. 4, 6 a n d 17 it was 1.00. In seq . 2, 11, 12, 13, 19, 24 it r a n g e d f r o m 2.10 t o 
2.53. In seq. 1 it w a s 3.10. 
T h e s o r g h u m , f e n n e l , t u r n i p , r a d i s h a n d c a r r o t d id n o t s u p p o r t the m u l t i p l i c a t i o n r a t e 
o f the n e m a t o d e . T h e relat ive ef f icacy in d e e p (40 c m ) p l o u g h e d plots was m o r e e f f e c t i \ e 
t h a n n o r m a l (20 c m ) p l o u g h e d p lo t s . 
The spiral i ieinatodc, HeUcotylciichiis indicus 
All the c r o p p i n g sequences were e f fec t ive , e i t he r s u p p r e s s i n g or m a i n t a i n i n g the 
p o p u l a t i o n of th is n e m a t o d e . 
In n o r m a l p l o u g h e d p lo ts , s e q u e n c e n u m b e r 6 was f o u n d h igh ly e f f e c t i \ e in r e d u c i n g 
the n e m a t o d e p o p u l a t i o n a n d the r e l a t ive el l lcacy in this s e q u e n c e was z e r o (0.00). In 
seq. 8 t h e re la t ive c l f icacy was h ighes t (0 .89) . T h e re la t ive e l l icacy in seq. 1 7 and !S w a s 
0 .06 , in seq. 3 a n d 15 it was 0.17, in seq . 9 it w a s 0.22, in s e q . 4 it was 0 .23 . in seq. 11 it 
w a s 0 .25 , in seq. 25 it was 0.28. in seq . I it w a s 0 .31 , in seq. 23 it was 0 .34 in seq. 20 a n d 
21 it w a s 0 .40 , in s e q . 10 it was 0 .49 , in seq . 2 it w a s 0 .51, in s e q . 12 and 22 it was 0.54. ir. 
seq . 19 it was 0 .66 , in seq. 5 it w a s 0 .69 , in seq . 16 it w a s 0 .72 , in seq. 24 it was 0.77. 
In d e e p p l o u g h e d p lo t s the r e l a t ive e f f i cacy was f o u n d h i g h l y ef fec t ive in s e q u e n c e 
n u m b e r 11 a n d 17 a n d the re la t ive e f f i cacy in these s c q u e n c c s w a s zero (0 .00) . In seq. n o 
6 the re la t ive e f f i cacy w a s h ighes t (1 .56) . R e l a t i v e eff icacy in seq . 7 was 0 . 0 8 , in ."^q. 3 ic 
w a s 0 .12, in seq . 2 5 it w a s 0.16, in seq . 3, 10 a n d 15 it w a s 0 .25 , in seq. 23 it was 0.29. in 
seq . 18 it w a s 0 .32 , in seq. 5 it w a s 0 .38 , in seq . 20 it w a s 0 .40 . in seq. 22 it w a s 0.42, in 
seq. 12, 21 a n d 24 it w a s 0.50, in seq . 16 it w a s O . 7 9 , in seq. 14 it w a s 0 . 9 1 . in seq. S it w a 5 
1.00, in 13 it w a s 1.16. 
M u s t a r d , t u r n i p , fenne l , c o r i a n d e r , h o r s e g r a m a n d r a d i s h effect iveK reduced t h e 
p o p u l a t i o n of Helicotylenchus indicus. 
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Tlic reiiiforni nematode, Rotyleiichulus rcniformis 
In n o i i n a l p l o u g h e d p l o t s the relat ive cfTicacy in s e q u e n c e n u m b e r 2 w a s f o u n d h igh ly 
e f fec t ive in r e d u c i n g the r e n i f o r m n e m a t o d e p o p u l a t i o n . T h e re la t ive elFicacy in th i s 
s e q u e n c e w a s z e r o (0.00) . In sequence n u m b e r 24 the re la t ive efTicacy w a s h ighes t (3.20) . 
In seq . 8, 13, 20, 23 a n d 25 the relat ive ef f icacy r a n g e d f r o m 0 .06 to 0.09, in seq. 3 - 6 , 10, 
18, 19 it r a n g e d f r o m 0 .18 t o 0.47, in seq. 11, 16 a n d 21 it r a n g e d f r o m 0 .60 to 0 .96, in 
seq. 17 it w a s 1.03, in seq. 9 and 18 it w a s 1.40, in seq . 7 a n d 12 it w a s 1.80. 
In d e e p (40 c m ) plovighcd p lo t s the re la t ive elf icacy in s e q u c n c c n u m b e r s 1, 2, 6, 8, 13 
and 14 w a s f o u n d h igh ly ef iect ivc in r e d u c i n g the n e m a t o d e p o p u l a t i o n a n d the re la t ive 
eff icacy in these s e q u e n c e s was zero (0.00). In seq. no . 23 t h e re la t ive eff icacy was h ighes t 
(9.00). In seq. 20, 3, 22 a n d 7 it ranged f r o m 0 .35 to 0 .85 . In seq . 24 it was 1.00, in seq. 10 
a n d 4 it w a s 1.50 a n d 1.75, in seq. 15 a n d 19 it w a s 2.00, in seq . 5 it w a s 2 .50 , in seq. 21 it 
was 3 .00 , in seq. 11 it w a s 4 .00, in seq. 9 a n d 17 it w a s 5 .00 . in seq. 16 it w a s 6.00, in seq. 
18 It w a s 6 .50 a n d in seq . 12 it was 7.50. 
It a p p e a r s f r o m the a b o v e resul ts tha t s eq . no . 1, 2, 6 a n d 13 were e f fec t ive in r e d u c i n g 
the ren i t ' o rm n e m a t o d e p o p u l a t i o n . T h e c o r i a n d e r , m u s t a r d , w h e a t , ma i ze , fenne l , 
c a r r o t , s o r g h u m , c a u l i f l o w e r , radish a n d s e s b a n i a w h e n used in s e q u e n c e s did no t 
f a v o u r n e m a t o d e m u l t i p l i c a t i o n . 
The stunt nematode, Tylenchorhynchus hrassicae 
In n o r m a l p l o u g h e d p l o t s the relat ive e l f icacy in s e q u e n c e n u m b e r 24 w a s zero (0 .00) . 
In seq. n o . 6 the re la t ive e f l k a c y was h i g h e s t (1.60). In s e q . 3 it was 0 .15 , in seq. 13 it 
was 0 .37 , in seq. 2 it w a s 0 .41, in seq. 25 it w a s 0 .42, in seq . 4 a n d 17 it w a s 0 .56, in 
seq. 15 it w a s 0 .67, in seq . 23 it was 0 .75 . in seq. 7 it w a s 0 .76 , in seq. 20 it was 0 .79 , 
in seq. 1 a n d 10 it w a s 0 .80 , in seq. 19 it w a s 0 .86 a n d in seq. 18 it w a s 0.87. In all 
these c r o p p i n g s e q u e n c e s the relat ive e f f icacy gave h igh r e d u c t i o n in the r i e m a t o d e 
p o p u l a t i o n . In c r o p p i n g s equences 8, 14. 16 a n d 22 t h e re la t ive elTicacy r a n g e d f r o m 
1.05 t o 1.49. 
In d e e p p l o u g h e d p l o t s the relat ive e l f i cacy in s e q u e n c e n u m b e r 6 w a s ze ro (0.00). In 
seq. no . 23 the re la t ive e l f icacy was h ighes t (4.35) . In seq . 3 it was 0 .13, in seq. 2 it w a s 
0.28, in seq . 20 it w a s 0 .36 , in seq. 7 it w a s 0 .42 , in seq. 11 it w a s 0.45, in seq . 4 a n d 18 it 
was 0 . 5 4 . in seq. 17 it w a s 0 .60, in seq. 25 it w a s 0.65, in s e q . 9 a n d 15 it w a s 0.68, in seq . 
5 it w a s 0 .11 , in seq. 13 it w a s 0.72. in seq . 22 it w a s 0 .77 , in seq. 19 it w a s 0 .79, in seq. 1 
it w a s 0 .80 , in seq. 24 it w a s 0.88, in s e q . 10 it w a s 0 . 8 9 , in seq. 21 it w a s 0.93. In 
s e q u e n c e 8, 12, 14 a n d 16 the relat ive elTicacy r a n g e d f r o m 1.06 to 1.60. 
C a r r o t , c o r i a n d e r , h o r s e g r a m . m u s t a r d , s e s b a n i a , s o r g h u m a n d t u r n i p w h e n 
i n c o r p o r a t e d in c r o p p i n g sequences r e d u c e d the s t u n t n e m a t o d e p o p u l a t i o n . 
The roof-knot nematode, Meloido'^ync incognita 
In n o r m a l p l o u g h e d b e d s the relat ive e l f i cacy in seq. n o . 1. 2, 4, 14, 22 a n d 24 was f o u n d 
h ighly e f iec t ivc in r e d u c i n g the la rva l p o p u l a t i o n o f t h e r o o t - k n o t n e m a t o d e . T h e 
re la t ive e l f icacy in these s e q u e n c e s was z e r o (0.00) . In seq . n o . 8 the re la t ive elf icacy w a s 
h ighes t (3 .61) . In seq. n o . 9 - 13. 16, 19, 20 a n d 25 it r a n g e d f r o m 0.25 to 0 .68 . In seq. 23 
It w a s 1.02, in seq. 15 it w a s 1.06. in seq . 7 it w a s 1.12, in s e q . 21 it w a s 1.13 a n d in seq . 6 
1! w a s 1.76. 
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In d e e p p l o u g h e d p l o t s the re la t ive e l f icacy in c r o p p i n g s e q u e n c e s 1, 2, 4, 6, 22 a n d 24 
w a s z e r o (0 .00) . In seq. n o . 8 the re la t ive eff icacy w a s h ighes t (4 .35) . In seq. n o . 3, 5, 9 -
17, 20, 23 a n d 25 it r a n g e d f r o m 0.07 t o 0 .87 . In seq. 21 it w a s 1.08, in seq. 7 it w a s 1.74. 
C o r i a n d e r , fennel , h o r s e g r a m , m a i z e , m u s t a r d , s o r g h u m a n d whea t c o n s i d e r a b l y 
r e d u c e d the p o p u l a t i o n of the r o o t - k n o t n e m a t o d e l a rvae . 
The lesion nematode, Pratylcnclius coffeuc and tlie filiform nematode, Tyknchus fiUfonnis 
D u r i n g the c o u r s e of s t u d y these n e m a t o d e s were de tec ted in s o m e plots . In all t h e 25 
c r o p p i n g s e q u e n c e s tes ted the p o p u l a t i o n of these n e m a t o d e s d id not inc rease a n d 
r e m a i n b e l o w the d e t e c t i o n level. 
Rvatylcuchus cfljfcac 
T h e re la t ive e f l k a c y of Pratylcnclius coffcae in n o r m a l p l o u g h e d p l o t s was ze ro (0 .00) . 
Ill all tlie s e q u e n c e s except seq. no . 4, 14 a n d 20 w h e r e it r a n g e d f r o m 0.32 to 0 .37 . In 
d e e p p l o u g h e d p lo t s the re la t ive eff icacy w a s ze ro (0.00) in all t h e p lo ts . 
Tylencliiis Jiliforniis 
In the case of Ty/cnc/iiis filiforinis the re la t ive elf icacy in n o r m a l p l o u g h e d p l o t s in 
c r o p p i n g s e q u e n c e s 1 - 5 , 7 - 12 and 1 6 - 2 2 w a s ze ro (0.00) a n d in r e m a i n i n g s e q u e n c e s 
it r a n g e d f r o m 0.05 to 1.59. In d e e p p l o u g h e d p lo t s , the relat i \ 'e efficacy in c r o p p i n g 
s e q u e n c e s 2 - 1 3 a n d 1 6 - 2 3 was ze ro (0 .00) . In s e q u e n c e no . 14, 15, 24 and 25 it r a n g e d 
f r o m 0 .65 to 1.25. 
D I S C U S S I O N 
T h e resu l t s p r e s e n t e d in T a b l e 11 c lea r ly s h o w e d t h a t the re a re d i f l e r en t c r o p s f o r m i n g 
25 dilTerent c r o p p i n g s equences . P o p u l a t i o n c h a n g e s of p lan t p a r a s i t i c n e m a t o d e s in 
r e l a t ion to c r o p p i n g a n d p l o u g h i n g w e r e t es ted . In the first s e a s o n the c r o p s were 
t o m a t o , ma i ze , s o r g h u m a n d o k r a whi l e t h e r e m a i n i n g five p lo t s w e r e left f a l low. In the 
s e c o n d s e a s o n t o m a t o , cau l i l l ower , m u s t a r d a n d w h e a t were s o w n with o n e r o w o f the 
(ivc p lo t s a s f a l low. In the th i rd s e a s o n the c r o p s were e g g p l a n t , h o r s e g r a m , s e s b a n i a 
a n d s o r g h u m wi th o n e f a l l ow row. T h e last s e a s o n c r o p s were f e n n e l , c o r i a n d e r , c a r r o t , 
t u r n i p a n d r a d i s h . 
T h e re la t ive elf icacy of d i f f e ren t c r o p p i n g s e q u e n c e s va r i ed f r o m s e q u e n c e t o 
s e q u e n c e . In s o m e s e q u e n c e s it w a s h i g h l y e f fec t ive , in s o m e s e q u e n c e s it w a s s i m p l y 
elTcctivc a n d in s o m e s e q u e n c e it w a s less e f fec t ive aga ins t t h e p o p u l a t i o n of p l a n t 
p a r a s i t i c n e m a t o d e s ( T a b l e II). D e e p p l o u g h i n g w a s a l imi t ing f a c t o r in the p o p u l a t i o n 
b u i l d - u p of p l an t p a r a s i t i c n e m a t o d e s . N o n e of the c r o p p i n g s e q u e n c e s w a s elTective 
a g a i n s t all t h e n e m a t o d e species a t o n e t ime , a l t h o u g h t he r e w e r e i n s t ances w h e r e 
i n d i v i d u a l n e m a t o d e spec ies were m a n a g e d . 
T h e p o o r m u l t i p l i c a t i o n of the n e m a t o d e s a r o u n d m u s t a r d m a y be d u e t o the 
p r e s e n c e of a l l y l i s o t h i o c y a n a t e c o m p o u n d in the r o o t s o f th i s p l an t (Tr i lRt , 1930; 
E l l enby , 1945; G o m m e r s , 1981). V a r i o u s Brassica sp . h a v e been r e c o g n i z e d as 
benel ic ia l c r o p s f o r t h e n e m a t o d e r e d u c t i o n in c r o p r o t a t i o n s ( B u l l o c k , 1992; 
M o j t a h e d i ci al . , 1991, 1993). O n d e c o m p o s i t i o n s o m e of t h e b y p r o d u c t s c a n be 
lox ic t o n e m a t o d e s ( B r o w n d al., 1991, D u n c a n , 1991: G r o s s m a n . 1993; M i t h e n , 
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1992). Seve ra l o t h e r c o m p o u n d s were d e t e c t e d in l a b o r a t o r y e x p e r i m e n t s ( B o r e k et 
al., 1994; B l u m , 1996; H a l b r e n d t , 1996). T h e p o o r n e m a t o d e mu l t i p l i c a t i on a r o u n d 
sesbania a n d o t h e r n o n - h o s t c r o p s m a y be p a r t l y d u e to n e m a t o t o x i c / n e m a t o s t a t i c 
c o m p o u n d s re leased f r o m r o o t s (E l l enby , 1945; R o d r i g u e z - K a b a n a , 1992) a n d 
pa r t l y d u e to the n o n - a v a i l a b i l i t y of a t t r a c t a n t s n e a r the r o o t z o n e ( W a l l a c e , 
1963). 
G r o w i n g s u i t a b l e / s u s c e p t i b l e h o s t s h igh ly inc reased the p o p u l a t i o n of p l a n t 
p a r a s i t i c n e m a t o d e s . High ly suscep t ib l e h o s t s d id no t i nc rease the n e m a t o d e 
p o p u l a t i o n if f o l l o w e d by n o n - h o s t c r o p s f o r 1 - 2 c o n s e c u t i v e seasons , b u t t h e r e 
w a s r a p i d dec l ine w h e n it was fo l lowed by s u m m e r f a l l owing . It can be in p a r t d u e 
to c e r t a i n w e e d s a n d g rasses wh ich act as g o o d h o s t s for n e m a t o d e s ( W a l l a c c , 1963; 
W e a v e r et al., 1995). 
D e p t h of p l o u g h i n g h a d a g rea t efTect o n t h e n e m a t o d e p o p u l a t i o n . D e e p (40 c m ) 
p l o u g h i n g c o m p a r e d wi th n o r m a l (20 c m ) p l o u g h i n g h a s been f o u n d m o r e e f fec t ive in 
r e d u c i n g t h e p o p u l a t i o n of p lan t pa r a s i t i c n e m a t o d e s . It can be d u e t o the fact t h a t d e e p 
p l o u g h i n g d i s t u r b s the eco log ica l set u p a n d e x p o s e s the l ower s t r a t a o f soil c o n t a i n i n g a 
la rge n u m b e r of n e m a t o d e s to e x t e r n a l u n f a v o u r a b l e e n v i r o n m e n t a l f a c t o r s like s u n a n d 
d e s i c c a t i o n which c o u l d in pa r t by the r e a s o n f o r l o w e r n e m a t o d e p o p u l a t i o n ( T h o m a s , 
1978; C a v e n e s s , 1974, 1979; K h a n & S a x e n a , 1980; L o p e z - F a n d o & Bcllo, 1995). 
C a u l i f l o w e r , e g g p l a n t a n d t o m a t o i nc rea sed t h e p o p u l a t i o n of Tylenchorhynclnts 
brussicue wh i ch a p p e a r to be g o o d h o s t s f o r t h e n e m a t o d e ( A l a m el al., 1977, 1979, 
1988). 
It c a n be c o n c l u d e d f r o m the f o r e g o i n g t h a t h o s t c r o p s f a v o u r m u l t i p l i c a t i o n a n d 
n o n - h o s t c r o p s s u p p r e s s the n e m a t o d e p o p u l a t i o n . D e e p p l o u g h i n g was a l imi t ing 
f a c t o r f o r the m a n a g e m e n t of p l an t p a r a s i t i c n e m a t o d e s . T h e s e f ind ings a r e an 
i n t e g r a t e d a p p r o a c h f o r the m a n a g e m e n t o f p l a n t p a r a s i t i c n e m a t o d e s a n d m a y g o a 
long w a y . 
Rffciences 
Ahim, M.M. , Khan. A.M. ;ind Saxen;i, S.K. (I9SS) Manaucmci i l of plant par;isilic nematodes by diflerem 
cropping sequcnccs. Indian J. I'l. Palliol.. 6, 102- 109. 
Alain, M . M . , Saxena. S.K. and Khan, A.M. (1977) InlUience of dilVcrent cropping .sequences on soil popiilalion of 
plant parasitic nematodes. Ncnniin/. Mcilii.. 5 , 6 5 - 7 2 . 
.Mam. M . M . , Saxena. S.K. and Khan. .A.M. (1979) Suitability of crops to the reniform, stunt and root-knot 
nematodes . In: Bir, S.S. ( l id) Kcccni Ki'svuiclics in I'hini Scifntrs. Kalyani I'ublishers, New Delhi. India, 
pp. 6 3 0 - 6 3 4 . 
Alam, M . M . , Siddiqui, Z.A., Khan, A.M. and Saxena, S.K. (1980) lEfl'ecl o fd i l l c i en t cropping sequences on the 
pcipulation of plant parasitic nematodes. Indian J. Ncniaicl., 10, 3 5 - 3 9 . 
Amosu , J .O. (1982) Cropping systems for control of roo t -knot nematode, SU-hiidofiyne spp. In: I'mc. Jrd Res 
Planning ConJ. on nxu-kna! ncnuiuides. Meloidogyne sftp. regions IV & V. 1 6 - 2 0 Nov., Ibadan. Nigeria (II 'M) 
hit. In.uiiiiw (if Tnipical Ai;rictdlure. 25-4- 258. 
Aung, T . and Prot, J.C. (1990) Efl'cct of c rop rotat ions on I'raiyhnclnis zcae -And on yield of rice cultivar t JPL Ri-
5. Rev. dc NcnuuoL. 13, 4 4 5 - 4 4 7 . 
Barker, K .R , (1991) Rotat ion and cropping systems and nema tode control . T h e Nor th Carolina experience -
In l roduct ion. J. Ncmatai, 2.3, 342 -343 . 
Blum. U. (1996) Allelopathic interactions involving phenolic acids. J. Scmaioi. 28, 2 5 9 - 2 6 7 . 
Borek. V,. Mor ra . M.J., Brown, P.D. and McCatlVey, J .P . (1994) Allelocheinicals produced dur ing singrin 
decomposi t ion in soil. J. Ai^r. Fond Chcni.. 42, 1030 - 1034. 
Brown, P.D. , Morra , M.J., McCanVey, J.P., Auld, A.L. and Williams, L. Ill (1991) Allelochemicals p rodua-d 
dur ing glycosinolate degradat ion in soil. J. Chem. Ecol.. 17, 2021 - 2 0 3 4 . 
Bullock, D .G . (1992) Crop rotat ion. In; Critical Review.'! in Plani Service.s. 11, 3 0 9 - 3 2 6 . 
Ca t tan , P. and Schilling, R. (1992) Experimental as.sessment ofdilTerent cropping systems including g roundnut in 
W. Africa. OleoKiiieit.y (Pan.'!). 47, 6 3 5 - 6 ) 4 . 
- 1 5 6 -
1 1 6 
PLANT PARASlTiC NEMATODES 159 
Cavcncss, 1-MZ. (1974) I'laiii parasitic nematode populat ion clillorenccs under no tillage and tillage soil regimes in 
Western Nigeria. J. NciiitiloL, 6, 13. 
Caveness, F.E. (1979) Nematode populat ions under a no-tillage soil management regime. In. Lai, R. (Ed) Sail 
lilldiic and crop prodiicl'um. Proc. Series No. 2 Int. Inst. Trop. Agr. . Ibadan, Nigeria: 133- M5. 
Derron, J .O. (1988) Crop rotation: an important component of integrated pest management . [Lii rotation dff-
cultures: Un element es.senlial de la lutte integree]. Sdmx'izcrisi hc Laiitl H'/Vr ScUafllklic Forsdnmy,, 27,91 - 101. 
Duncan , A.J. (1991) Glucosinolates. In: Toxic siihslaiucs in crop plums, (lids D. Mello, J.P. and Dufl'us, C .M. ) 
Science Park, Cambridge: Royal Society of Chemistry, pp. 127- M7. 
Duncan , L.VV. and f'erris, H. (1983) En'ects of AM()/V/f;,t,MV(('//jcv'.v'i/w on cotton and cowpeas in rotation, pp. 2 2 -
26. In Proc. Beltwide Cotton Prod. Res. Conf . 347 pp. 
Ellenby, C. (1945) The influence of crucifers and mustard oil on the emergence of larvae of the potato eelu o m i . 
Hcierodcra roslocliicnsis Wollenweber. Ann. Appl. Biol.. 32, 6 7 - 7 0 . 
Esnienjaud, D., Rivoal, R. and Marzin, H. (1990) N u m t x r s of Pnnylcnchus spp. (Nematoda) in the field on 
u in t e r wheat in different cereal rotations. Ncnwlolof^ica, 36, 2 1 7 - 2 2 6 . 
Fernandez, M., Ortega, J. and Berbe, A. (1987) Soybcan-rice rotation and the role of plant parasitic nematodes 
(Posibilidat de la rotacion soya-arrez respecto a los f i tonematodes). Cicnias dc lu Agriciilliirii, 31, 14 - 18. 
Ferris. H. and Greco, N. (1992) Management strategies for Hacrodcra i^ociiint^iana in a vegetable c ropping 
system in Italy. FiindaniciiKd and Applied Bioloi^y, 15, 2 5 - 3 3 . 
Gonimers , F.J. (1981) Biological interactions between ncmatixles and plants and their relevance to control . 
Hclniiniholo^ical Ah.siracl.s Series B, 9 - 2 4 . 
Grossman , J. (1993) Bra.ssica al ternations to herbicides and soil fumigants. The lI'M Praclilioner, 15, 1 - 10. 
Heuicke, D. (1989) [Integrated control of sugarbeet nematodes). R u w n n e m a t o d e n integrient bckumpfen. 
Pflanzcnschut: />ra.\is, 
Halbrenii t , J .M, (1996) Allelopathy in the management of plant parasitic nematixles. J. ,\cnmiol.. 28, 8 - 14. 
Inhnson, A.VV. (1985) Specilic crop rotation cU'ects combined with cultural practices and nematicides. In: Sassor. 
J ,N. and Carter . C.C. (Eds) An Advanced Treatise on Meloidogyne. Vol. I. Biology and Control. IMP. N o r t h 
Carol ina Graphics, Raleigh, pp. 2 8 3 - 3 0 1 . 
Kang, S.W., Lee, J.VV., Rang, C.S., Yu, C.J., Rec, D.W, and Young, C,S. (1992) Effcct of cont inuous croppmg on 
peanut product ion. 2. The causcs of yield reduction by cont inuous cultivating years of peanut. Restuirch 
Reports of the Rural DevelopnieiU Administration. Upland and Industrial Crops. .34, 109 - 115. 
Khan , A .M. and Sa.xena, S.K. (1980) Ell'ect of certain farm practices on population of nematodes. J. Environ. 
Res.. I, 1 2 - 16. 
Lopoz-Fando, C. and Bello, A. (1995) Variability in .soil nematode populat ions due to tillage and crop rotation in 
semi arid Mediterranea angrosyslems. Soil and Tillage Re.u'arch. 36, 5 9 - 7 2 . 
.Mithen, R. (1992) Leaf glucosinolate profiles and their relationship to pest and disease resistance in oil seed rape. 
Euphyuca. 63, 7 1 - 8 3 . 
Moj tahedi , M., Sanlo, G.S.. Hang. A.N. and Wilson, J .H . (1991) Suppression with selected rapesecd cultivars as 
green manure . J. Neiuauil., 23, 170- 174. 
Mojtahedi , H., Santo, G.S., Wilson, J .H. and Hang, A .N . (1993) Managing Meloidof;yne chilwoodi on po t a to 
••vith rapeseod as green manure. Plant Disea.se, 77, 4 2 - 4 6 . 
Noe. J.P. (1986) Cropping systems analysis for limiting losses due to plant parasitic nematodes: guide to research 
methodology; North Carolina Suite Univ. Graphics, Raleigh, Nor th Carol ina . USA. pp. I - 8 . 
.Nusbaum, C.J, and Ferris, H. (1973) The role of cropping systems in nematotle populat ion management. .-)•';//. 
Rev. PlivlopalhoL, I I , 423^-440. 
Ri iymundo. S.A. (1985) Cropping systems research and root-knot nematode control . In: Sas.ser, J .N. and Car te r . 
C .C. (Eds) An Advanced Treali.sc on Meloidogyne Vol. I. Bioloiiy and Conirol. IMP. Nor th Carolina S u u e 
Univ. Graphics . Raleigh, pp. 2 7 7 - 2 8 1 . 
Rodr iquez -Kabana , R. (1992) Cropp ing systems for the managemen t of plant parasiuc nematodes G o m m e r s , 
f- .J. and Maas, P.W. Th., (Eds). Neniatolo^y front niolecnle to ecology. Proc. l ind Int. Nematology C o n g . 
Invergowrie, Dundee. Scotland: European ScKiety of Nemaiologis ts , pp. 2 1 9 - 2 3 3 . 
Smiley, R.W., Ingham, R.E., Uddin , W. and Cook , G . H . (1994) Crop sequences for managing cereal cyst 
nematode and fungal pathogens of winter wheat . Plan! Disease. 78, 1142- 1149. 
Southey, J .F . (1986) Laboratory tuethods for work with plant parasitic nematodes. Ministry of Agriculture. Fish 
and Food . H M S , London. 202 p. 
Thomas , S.H. (1978) Population densities of nematodes under seven tillage regimes. J. hJatuitoL. 10, 2 4 - 2 7 . 
Triffit, M.J. (1930) On the bionomics o( Helerodera schacliliipotatoes, withspccial reference to the influence of 
mustard on the e.scape larvae f rom the cysts. J. Helminth.. 8, 1 9 - 4 8 . 
Wallace. H .R . (1963) The hiolo^y of plant parasitic nematodes. Edward Arnold (Publishers) Ltd.. London. 280 p. 
Weaver. 13.P., Kabana , R. and Garden, E.L. (1995) Compar i son of c rop rotation and fallow for management of 
Heierodera i;lycines and Meloidoi^yne spp. in soybean. J. Nematol., 27(Suppl.), 5 8 5 - 5 9 1 . 
Yeates, G . W . and Hughes. K.A.C. (1990) Efl'ect of three tillage regimes on plant and soil nematodes in an oa t s ' 
maize rotat ion. Pedohioioy.ia. .34, 3 7 9 - 3 8 7 . 
Young, L.D. (I9')5) Cliaiiges in the Heierodera filycines female index as allecled by ten-yoar cropping sequences 
i Nciiiiifi./ , 26, 505-510 . 
- 1 5 7 -
1 1 7 14 
Indian J. Plant Pathol . 2 0 0 5 , 2 3 (1 & 2 ) : 22-30 
Integrated management of plant parasitic nematodes by 
cropping sequences and ploughing 
MANSOOR A. SIDDIQUI 
Plant P a t h o l o g y / N e m a t o l o g y S e c t i o n , Department of B o t a n y 
Aligarh Muslim Universi ty , Aligarh 202 002 , India 
ABSTRACT 
In a cropping sequence programme combined with ploughing (normal/deep) of 1-2 years , none of t he 2 5 different cropping sequences were effective in suppressing the population of plant parasitic nematodes viz. , Meloidogyne 
incognita, Rotylenchulus reniformis, Tylenchorhynchus brassicae, Hoplolaimus indicus, Helicotylenchus indicus. 
Tylenchus filiformis and Pratyienchus coffeae. However , it was observed that okra-caul i f lower -sesbania -cor iander 
and okra-mustard-sesbania-carrot were comparatively beneficial. Generally, deep (40 cm) ploughing did not favour 
the multiplication of plant parasitic nematodes. T h e nematode population was also reduced to a very low level when 
the field was left fallow. 
( K e y w o r d s : Plant parasitic nematodes, cropping sequences, ploughing. Integrated management) 
C r o p ro ta t ion is o n e o f the mos t important and 
oldest method for manag ing the plant parasitic nema todes 
that feed on roots of annual c rop p lants (7). It c o n t i n u e s 
to be mos t impor tan t r e c o m m e n d a t i o n th roughout the 
world for n e m a t o d e m a n a g e m e n t . It is still the m o s t 
important me thod especia l ly for n e m a t o d e m a n a g e m e n t . 
It is acceptable to a wide r ange of nema tode p rob lems (1, 
8 , 1 2 , 1 9 , 3 3 ) . T h e poor host or non-hos t crops are g r o w n 
in such a way at d i f fe ren t t ime internals that the n e m a t o d e 
popula t ion r e m a i n s in the soil at sa fe r levels (11, 24) . 
Mos t of such i n v e s t i g a t i o n s h a v e b e e n e v a l u a t e d to 
assess the e f fec t of non-hos t c rops in d i f fe ren t c r o p p i n g 
s e q u e n c e s to m a n a g e t h e n o x i o u s p o p u l a t i o n o f 
nematodes (5 ,6 , 1 6 , 2 3 , 3 0 , 3 1 , 3 2 ) . S o m e workers (4, 17. 
3 5 , 4 2 ) have a lso tried to reduce the mi.xed popula t ions o f 
plant parasi t ic nema todes . T h e r e is a need to search s u c h 
sequences wh ich are both de t r imen ta l to n e m a t o d e s and 
accep tab le to g rower s . T h e e f f e c t i v e n e s s of c r o p p i n g 
sequences in ' In tegra ted Pes t M a n a g e m e n t ' p r o g r a m m e s 
can be e n h a n c e d . T h e r e f o r e , in v iew of the need for n e w 
c r o p p i n g s e q u e n c e s , t h e p r e s e n t s t u d i e s w e r e 
u n d e r t a k e n a g a i n s t s o m e i m p o r t a n t g e n e r a o f p l a n t 
pa ras i t i c n e m a t o d e s . M o r e o v e r , p l o u g h i n g ( n o r m a l / 
deep) t rea tment wh ich has not yet been tested so f a r 
was a lso inc luded with the c r o p p i n g sequences . 
MATERIALS AND METHODS 
T h e exper imenta l area at the Universi ty Agricul ture 
Fann , natural ly infested wi th genera l poptihuion of p lan t 
p a r a s i t i c n e m a t o d e s v i z . . t h e l a n c e n e m a t o d e , 
Hoplolaimus indicus She r , the r e n i f o r m n e m a t o d e . 
Rotylenchulus reniformh L in fo rd & Ol ive i r a , the stum 
nematode , Tylenchorhynchus brassicae S\dd\q\. the root-
k n o t n e m a t o d e , Meloidogyne incognita ( K o f o i d & 
W h i t e ) C h i t w o o d , the f i l i f o r m n e m a t o d e , Tylcnchus 
fdiformis Butschli and the lesion nematode , Praiylenchus 
cojfcae ( Z i m m . ) Filip & Stekh . w a s se lected and divided 
in two parts . One part rece ived normal p l o u g h i n g (20 cm 
deep) w h e r e a s the o the r part rece ived d e e p p lough ing 
(40 cm deep) t rea tment . Bo th the parts w e r e d iv ided into 
plots 9 sq. m. in each and 0 .5 m wide b u f f e r a rea was left 
b e t w e e n the plots . A t w o y e a r ro ta t ion s c h e m e was 
es tab l i shed as per s c h e d u l e descr ibed in T a b l e 1 There 
w e r e th ree rep l i ca tes fo r each crop . T h e c r o p s were 
tomato, Lycopersicon esculentum L. (Fam. - Solanaceac) 
cv. ' Pusa R u b y ' , eggp lan t , Solanum melongena L. (Fani 
- So l anaceae ) cv ' P u s a Purp le L o n g ' , ca r ro t , Daucns 
carota L. (Fam. Umbell i ferae)cv. 'Pusa kesar ' , cauliflower. 
Brassica oleracea botrytis L. ( F a m . C r u c i f e r a e ) cv 
' S n o w b a l l ' , co r iander , Coriandrum sativum L. (Fam 
Umbe l l i f e r ae ) cv. ' L o c a l ' , ho r seg ram, Dolichos hiJlon(\ 
A u c t . ( F a m . - P a p i l i o n a c e a e ) c v . ' P u s a N a v - b a h a r ' , maize. 
Zeamays L. ( F a m . - G r a m i n e a e ) c v . ' G a n g a - 5 ' , mustarii, 
Brassica campestris L. (Fam. Cruciferae) cv." RL-18 ' , okr.i/ 
l ady finger, Abelmoschus esculentus M o e n c h . (Fam -
M a l v a c e a e ) cv. ' P u s a S a w a n i ' , radish, Raphanussativus 
L. (Fam. Cruciferae) cv. 'Pusa Rashmi ' , sesbania, Scshanui 
aculeate Poir . ( F a m . - L e g u m i n o s e a e ) cv . 'Loca l " , 
s o r g h u m . Sorghum vulgare Pers . (Fam. G r a m i n e a e ) c\ 
"X - 9 8 8 ' , turnip, Brassica rape: L. (Fam. Cruc i f e r ae ) 
' R e d ba l l ' and w h e a t , Triticum acslivum L tFam. 
Gramineae) cv. ' 110-2285 ' in different combinat ions 
- 1 0 2 -
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W i l l i fal low. Inorganic I'crtilizers at the rate of 10 kg N/ha 
were incorpora ted in two equal doses and 55 kg P and YJ 
ha in one s ingle dose . T h e c rops w e r e sown in d i f fe ren t 
rows. In order to get d i f fe ren t combina t ions , the direction 
of the r o w s w a s c h a n g e d in e a c h c r o p p i n g s e a s o n . 
Watering and w e e d i n g were done as and when considered 
nccessary. T w e n t y soi l s amp le s at a dep th of 20 cm w e r e 
taken f r o m each plot at the t ime o f s o w i n g and harvest ing 
tor d e t e r m i n i n g t h e p o p u l a t i o n o f p l an t p a r a s i t i c 
nematodes . A f t e r t h o r o u g h m i x i n g o f soil, nema todes 
were i so la t ed f r o m 2 0 0 g s u b - s a m p l e s using C o b b ' s 
s i ev ing and d e c a n t i n g m e t h o d a l o n g wi th m o d i f i e d 
B a e r m a n n f u n n e l t e c h n i q u e ( 3 6 ) . T h e n u m b e r o f 
n e m a t o d e s w a s c o u n t e d a n d t h e p o p u l a t i o n w a s 
de te rmined . Data w a s stat ist ical ly ana lysed for L .S .D. at 
.S%and 1% level (34) . 
RESULTS 
Resul t s p resen ted in Table 1 c lear ly indicate that in 
a 2 year c rop ro ta t ion p r o g r a m m e o f the 25 d i f fe ren t 
c ropping s equences no s ingle c r o p p i n g sequence w a s 
found to be e f f e c t i v e against all the nematode spec ies 
\ i/.., Hoploiaimus indicus, Helicotylenchus indicus, 
Rotylenchulus renifonnis, Tylenchorhynchus brassicae, 
Mehidogyne incognita larvae, iylenchus jVliformis and 
Piaiylenchus coffeac. 
T h e initial popu la t ion per 200 g soil of p reva i l ing 
plant paras i t i c n e m a i o d e s was m o d e r a t e in the field. In 
nonna l p l o u g h e d (20 c m ) beds it w a s 30 nematodes of 
Hoplolaiiutts indicus. 116 of Helicotylenclius indicus, 
107 oi Rotylenchulus reniformis. 267 Q{ Tylenclwrhy-
ncliiis brassicae. 3 1 3 of Meloidog)>ne incognita la rvae , 
i of Tylenchus Jiliforniis. 4 0 o f Pratylcnchus zeae and 
li'.e total n u m b e r o f plant paras i t ic nema todes was 890 . 
111 deep p l o u g h e d ( 4 0 c m ) beds the initial populat ion w a s 
.lO n e m a t o d e s o f Hoploiaimus indicus, 8 0 o f 
llelicotylenchus indicus, 20 of Rotylenchulus reniformis. 
220 of Tylenchorhynchus brassicae, 230 oLMeloidog}>ne 
incognila l a r v a e , 2 0 o f Tylenchus filiformis, 2 7 o f 
Pratylcnchus coffeae and the to ta l n u m b e r o f p l an t 
parasi t ic n e m a t o d e s w a s 627 . 
Hoploiaimus indicus: S e s b a n i a , wheat , m a i z e , 
caul i f lower , e g g p l a n t and h o r s e g r a m c rops were sui table 
hosts for n e m a t o d e m u l t i p l i c a t i o n w h e r e a s s o r g h u m , 
lennel , t u rn ip , r ad i sh and ca r ro t w e r e non hos t s and 
rcduced the n e m a t o d e popu la t ion . Sequence n u m b e r 3, 
10, 16 and 20 w e r e e f f e c t i v e in r e d u c i n g the n e m a t o d e 
popula t ion . D e e p p l o u g h i n g (40 c m ) w a s more e f f e c t i v e 
ihan normal (20 c m ) p l o u g h i n g (Table 1). 
Helicolylcncluis indicus: T o m a t o , e g g p l a n t . 
c au l i f l ower , mus t a rd , w h e a t and sesban ia c rops e i the r 
i n c r e a s e d o r m a i n t a i n e d t h e n e m a t o d e p o p u l a t i o n . 
S e q u e n c e n u m b e r 6, 15, 17 and 18 w e r e found m o r e 
e f f e c t i v e . D e e p p l o u g h i n g (40 c m ) w a s found m o r e 
e f fec t ive than the no rma l ( 2 0 c m ) p l o u g h i n g (Table 1). 
Rotylenchulus reniformis: T h e nematode populat ion w a s 
r educed to unde tec tab le level when the field w a s lef t 
fa l low. Cor i ande r , mus t a rd , wheat , ma i ze , fennel , ca r ro t , 
s o r g h u m , c a u l i f l o w e r , r a d i s h a n d s e s b a n i a c r o p s 
suppres sed the n e m a t o d e popula t ion . S e q u e n c e n u m b e r 
8 , 9 , 1 0 , 1 4 , 1 5 , 1 7 , 1 8 , 1 9 , 2 1 , 2 2 , 2 3 , 2 4 and 25 were found 
mos t e f f e c t i v e . T h e reduc t ion in n e m a t o d e popu l a t i on 
was f o u n d m o r e in d e e p p loughed (40 c m ) plots than the 
normal p l o u g h e d (20 c m ) p lo ts (Table I). 
Tylenchorhynchus brassicae: The n e m a t o d e popula t ion 
increased w h e r e t o m a t o , eggplan t and cau l i f lower w e r e 
g r o w n . It w a s increased in s equence n u m b e r 2 , 7 , 12, 17 
and 22 . T h e popula t ion w a s e f fec t ive ly suppressed w h e n 
the plot w a s lef t fa l low or when mustard crop was g r o w n 
T h e h i g h l y e f f e c t i v e c rop sequence for the n e m a t o d e 
r educ t ion w a s seq. no . 5. T h e other e f f ec t ive s e q u e n c e s 
were 2 , 3 , 1 3 and 14. D e e p p lough ing (40 cm) w a s f o u n d 
more e f fec t ive than normal (20 cm) p loughed plots (Table 
1). 
.\feloidogyne incognita l a r v a e : T h e root-knot n e m a t o d e 
larvae p o p u l a t i o n increased where t oma to , eggp lan t and 
o k r a w e r e g r o w n . B u t t h e p o p u l a t i o n w a s l o w in 
s e q u e n c e s 9 a n d 10. F u n n e l , h o r s e g r a m , m u s t a r d , 
s o r g h u m a n d w h e a t c r o p s c o n s i d e r a b l y r e d u c e d th;.' 
n e m a t o d e p o p u l a t i o n . F a l l o w inva r i ab ly r e d u c e d th^ 
n e m a t o d e popula t ion . D e e p p lough ing (40 c m ) t rea tmen ' 
was f o u n d m o r e e f f ec t i ve than the n o m i a l p l o u g h i n g (20 
cm) p lo t s (Table 1). 
Tylenchus/ili/orniis and Pratylenchuscoffeae: D u n n 
the s tudy , these n e m a t o d e s were de t ec t ed in s o m e of ihc 
beds . P rac t i ca l ly in all the 25 c r o p p i n g s equences tes ted, 
the p o p u l a t i o n o f these n e m a t o d e s r e m a i n e d b e l o w the 
de t ec t i on level . T h e r educ t ion in n e m a t o d e p o p u l a t i o n 
w a s o b s e r v e d m o r e in d e e p p l o u g h e d (40 c m ) p lo ts thai , 
in no rn ia l (20 c m ) p l o u g h e d plots. 
T h e total n u m b e r o f p lan t pa ra s i t i c n e m a t o d e ^ 
h i g h l y i n c r e a s e d in s e q u e n c e n u m b e r 1-6 w h e r e tlic 
t o m a t o w a s g r o w n . It w a s 8719 per 2 0 0 g soil in sequence 
no. 1 w h e n the t o m a t o c r o p w a s used . It fu r the r increased 
to 9 4 6 0 w h e n the t o m a t o c rop w a s again s o w n but the 
p o p n l a t i o n w a s b r o u g h t d o w n to 2 4 6 w h e n the f ie ld w a s 
left f a l low. T h e p o p u l a t i o n w a s s l ight ly inc reased to 4 4 6 
w h e n f e n n e l c r o p w a s i n c o r p o r a t e d . T h e to ta l ini t ial 
n e m a t o d e p o p u l a t i o n o f p lant paras i t i c n e m a t o d e s w a s 
- 1 5 9 -
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Tab le 1. E f f e c t of d i f f e r e n t c r o p p i n g s e q u e n c e s a n d m o d e o f p l o u g h i n g ( n o r m a l / d e e p ) on t h e p o p u l a t i o n of p l a n t 
p a r a s i t i c n e m a t o d e s 
SI. C rops 
No. 
Hop 
Population of plant parasitic nematodes per 200 g soil 
.Normal ploughing (20 cm deep) Deep ploughing (40 cm deep) 
Hel Rot Trh Tyi Mel Pra Total Sap Hop »e l Rot T rh Tyl Mel Pra Total Sap 
1. Initial pop. 30 116 107 267 17 313 40 890 1853 30 80 20 220 20 230 27 627 1683 
Tomato 18 13 254 122 33 8279- 8719 3633 10 20 120 193 27 5347 - 5717 2366 
Tomato 10 26 357 790 - 8277- 9460 220 36 27 277 725 - 4 8 7 0 - 5935 540 
Fcnnei 73 37 1 17 216 - - 443 210 93 100 - 176 7 - 376 i?3 
L.S.D. (at 5% level) 246.21 243. 
L.S.D. (at 1% level) 379.57 376 09 
2. Initial pop. 30 116107267 17 313 40 890 1853 30 80 20 220 20 230 27 627 1683 
Tomato 18 13 254122 33 8279- 8719 3633 10 20 120 193 27 5347 - 5 7 P 2366 
Cauliflower 70 23090 2683 20 190 - 3283 900 60 110 36 2500 17 160 - 28S3 4S0 
Fallow 20 20 20 40 - 93 - 193 576 20 10 10 30 - 17 - 87 300 
Coriander 40 60 - 110 - - 210 246 40 57 - 63 - - 160 4S0 
L.S.D. (at 5% level) 99.73 79 S-
L.S.D. (at 1% level ! 153.82 123.CK) 
3. Initial pop. 30 116107267 17 313 40 890 1853 30 80 20 220 20 230 27 62':' 1683 
Tomato 18 13 254122 33 8279- 8719 3633 10 20 120 193 27 5347 - 5 7 r 2566 
Mustard 187 80 13 357 - 30 - 667 340 123 70 7 300 - 20 - 520 5 S3 
Fallow 20 20 20 40 - 93 - 193 576 20 10 10 30 - 17 - 87 -:20 
Carrot 110 20 50 186 - - 366 343 20 60 40 127 26 - -66 
L.S.D. (at 5% level) 75.51 115^: 
L.S.D. (at 1% level) 116.42 
4. Initial pop. 30 116107267 17 313 40 890 1853 30 80 20 220 20 230 27 627 :683 
Tomato 18 13 254122 33 8279- 8719 3633 10 20 120 193 27 5347 - 5 7 P 2366 
Wheat 247 290- 127 - 86 - 750 686 190 250 - !23 87 533 
Fallow 20 20 20 40 - 93 - 193 576 20 10 10 30 - 17 - 87 420 
Turnip 47 27 43 150 - 13 280 323 30 20 35 120 - - 205 :76 
L.S.D. (at 5% level) 132.89 135.-^ 
L.S.D. (at 1% level) 204.87 20S.:-' 
5. Initial pop. 30 116107267 17 313 40 890 1853 30 80 20 220 20 230 27 62^ 1683 
Tomato 18 13 254122 33 8279- 8719 3633 10 20 120 193 27 5347 - 5 7 r 2366 
Fallow 20 20 20 40 - 93 - 193 576 20 10 10 30 - 17 - S7 -20 
Fallow 17 20 30 13 - 16 - 96 256 30 13 - 3 7 9 10 72 260 
Radish 23 80 50 173 - 550 - 876 416 7 30 50 153 - 116 - 356 500 
L.S.D. (at 5% level) 112.87 116.5 
L.S.D. (at 1% level) 174.00 179.5 
6. Initial pop. 30 116107267 17 313 40 890 1853 30 80 20 220 20 230 27 627 1683 
Maize 153 60 50 347 - 176 17 803 1716 140 133 27 194 13 140 13 660 1443 
Tomato 83 47 153250 - 2547- 3083 503 - - 237 166 - 2360 13 2776 423 
Egg plant - 107300536 - 8247- 9190 240 33 20 263 273 - 7550- SI 39 312 
Fennel 66 - 20 427 7 100 - 620 473 53 - 20 343 - - 416 293 
L.S.D. (at 5% level) 122.88 115.!-
L.S.D. (at 1% level) 189.45 1 17.01 
7. Initial pop. 30 116107267 17 313 40 890 1853 30 20 220 20 230 27 627 1683 
Maize 153 60 50 347 - 176 17 803 1716 140 133 27 194 13 140 13 660 1443 
Cauliflower 126 2872001563 1- 50 2226 760 110 280 6 1460 - - 1856 646 
Eggplant 53 100240380 - 3633 60 4466 610 50 50 200 267 - 3423 - 399ti 166 
Coriander 63 63 193207 - 350 - 876 380 76 7 17 93 - 400 - 593 400 
L.S.D. (at 5% level) 65.10 S1.52 






Initial pop. 30 116107267 17 313 40 890 1853 30 8 0 20 220 20 230 27 627 1683 
Maize 153 60 50 347 - 176 17 803 1716 140 133 27 194 13 6140 13 660 1443 
Mustard 50 213- 250 - 30 - 630 586 83 207 - 163 - 30 - 483 500 
Egg plant 50 20357 850 - 283C 1 - 3990 573 - 167 50 747 - 2 6 8 6 - 3650 243 
Carrot 13 1037 397 - 113C 1 - 1650 450 80 - 330 - 1000- 1410 260 
L.S.D. (at 5% level) 82.97 98.64 
L.S.D. (at 1% level) 127.91 155.07 
Initial pop. 30 116107267 17 313 40 890 1853 30 80 20 220 20 230 27 627 1683 
Maize 153 60 50 347 - 176 17 803 1716 140 133 27 194 13 6140 13 660 1443 
Wheat 76 207 J00240 - 50 - 673 408 50 263 80 177 - 50 - 520 246 
Eggplant 253 193- 797 43 117017 2473 976 250 147 - 716 20 1073- 2206 870 
Turnip 70 26 150180 - 100 - 526 266 6 50 100 150 - 50 - 356 246 
L.S.D. (at 5% level) 119.84 112.37 
L.S.D. (at 1% level) 184.75 173.22 
Initial pop. 30 116107267 17 313 40 890 1853 30 80 20 220 20 230 27 627 1683 
.Maize 153 60 50 347 - 176 17 803 1716 140 133 27 194 13 6140 13 660 1443 
Fallow 23 57 - 110 43 - - 233 306 46 20 - 43 17 - 126 246 
Egg plant 20 53 23 347 26 967 - 1436 453 - 53 20 250 - 850 - 1173 253 
Radish 13 57 40 213 - 130 - 453 180 - 20 30 197 - 110 - 357 116 
L.S.D. (at 5% level) 60.13 70.96 
L.S.D. (at 1% level) 92.70 109.09 
Initial pop. 30 116107267 17 313 40 890 1853 30 SO 20 220 20 230 27 627 1683 
Sorghum 60 25327 128 - 667 13 1148 2346 50 153 - 100 13 394 - 710 2016 
Tomato 73 20 227227 17 1806 2370 306 40 17 223 210 - 1730- 2220 120 
Horsegram 120 100100257 - 273 - 850 346 100 SO 80 200 - 206 - 666 246 
Fennel 80 30 100166 - 150 - 526 206 50 - 80 100 - 130 - 360 176 
L.S.D. (at 5% level) 57.14 89.92 
L.S.D. (at 1% level) 89.97 138.63 
Initial pop. 30 116107267 17 313 40 890 1853 30 SO 20 220 20 230 27 627 1683 
Sorghum 60 25327 128 - 667 13 1148 2346 50 153 - 100 13 394 - 710 2016 
Caul inower93 230- 1553 - 350 - 2226 740 80 ISO - 1450 - 250 - 1960 193 
Horsegram 110 16050 130 - 190 - 640 510 70 143 40 100 - 150 - 505 540 
Coriander 63 63 193407 - 77 - 803 1716 50 -:0 150 350 - 20 - 610 210 
L.S.D. (at 5% level) 73.00 99.? 3 
L.S.D. (at 1% level) 112.54 153.i7 
Initial pop. 30 116107267 17 313 40 890 1853 30 SO 20 220 20 230 27 627 16S3 
Sorghum 60 25327 128 - 667 13 1148 2346 50 153 - 100 13 :-94 - 710 2016 
Mustard 80 120- 137 - 106 - 443 550 100 - 100 1 - - 100 - 300 953 
Horsegram 50 17080 100 - 150 - 550 926 30 150 70 80 - 130 - 460 510 
Carrot 96 20 7 120 13 250 - 506 316 63 13 - 160 - 200 - 436 218 
L.S.D. (at 5% level) 29.32 47. ! ! 
L.S.D. (at 1% level) 45.21 72.62 
Initial pop. 30 116107267 17 313 40 890 1853 30 SO 20 220 20 230 27 627 16S3 
Sorghum 60 25327 128 - 667 13 1148 2346 50 153 - 100 13 394 - 710 2 0 ! 6 
Wheat 176 247- 173 - 100 - 696 1286 157 193 - 160 - 90 - 600 1I3> 
Horsegram 200 87 100233 13 130 - 763 530 190 70 100 186 - 110 - 656 573 
Tumip 70 12064 323 26 - 13 616 310 163 73 - 287 25 20 - 56S 436 
L.S.D. (at 5% level) 71.84 
L.S.D. (at (% level) 110.73 
- 1 6 1 -
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15. Initial pop. 30 116107267 17 313 40 890 1853 30 80 20 220 20 230 27 627 1683 
Sorghum 60 25327 128 - 667 13 1148 2346 50 153 - 100 13 394 - 710 2016 
Fallow 83 60 10 67 103 - 323 820 40 63 - 53 - 80 - 236 613 
Horscgram 37 33 20 230 - 110 20 450 366 30 30 15 215 - -100 20 410 356 
Radish 40 20 20 156 27 333 - 596 533 30 20 10 150 15 200 - 425 133 
L.S.D. ( a t 5 % l e v c l ) 65.76 
L.S.D. (at 1% level) 101.38 
16, Initial pop. 30 116107267 17 313 40 890 1853 30 80 20 220 20 230 27 627 1683 
Okra 70 1207 213 13 1647- 2070 2810 65 63 33 200 7 1387 13 1768 1650 
Tomato 37 67 240246 36 2 1 0 0 - 2726 961 33 76 187 210 17 1913 - 2436 400 
Scsbania 110 10023 257 - 120 - 610 740 100 80 10 230 100 - 520 593 
Fennel 83 103280 - 200 - 6 6 6 400 - 63 1 13 233 - 177 - 5X6 193 
L.S.D. (at 5% level) 129.44 95.77 
L.S.D. (at 1% level) 199.54 147.65 
17. Initial pop. 30 116107267 17 313 40 890 1853 30 80 20 220 20 230 27 627 1683 
Okra 70 1207 213 13 1647- 20^0 2810 65 63 33 200 7 1387 13 1768 1650 
Cauliilower 133 12330 1793 7 260 - 2346 560 100 103 - 1660 10 87 23 1983 536 
Scsbania 27 15327 243 - 50 - 500 443 33 137 20 113 - 20 - 323 583 
Coriander 63 7 110150 - 130 - 460 330 50 - 100 130 - 100 - 380 166 
L.S.D. (at 5% level) 63.92 49.38 
L.S.D. (at 1% level) 9S.54 76.13 
18. Initial pop. 30 116107267 17 313 40 890 1853 30 80 20 220 20 230 27 627 1683 
Okra 70 1207 213 13 1647- 2070 2810 65 63 33 200 7 1387 13 1768 1650 
Mustard 40 57 10 127 - 123 16 373 1866 2 7 5 0 - 122 - 116 )10 325 953 953 
Sesbania 20320 173 - - 396 740 13 170 17 140 - - 340 540 
Carrot 33 7 150233 - 630 - 1053 283 - 26 130 120 - 437 - 713 256 
L.S.D. (at 5% level) 45.12 
L.S.D. (at 1% level) 69.56 
19. Initial pop. 30 116107267 17 313 40 890 1853 30 80 20 220 20 230 27 627 16S3 
Okra 70 1207 213 13 1647- 2070 2810 65 63 33 200 7 1387 13 1768 1650 
Wheat 140 133- 197 - 120 - 590 696 1 16 127 27 177 - 100 13 560 703 
Scsbania 30 27077 246 - 100 - 723 253 133 143 10 137 - 70 - 493 243 
Turnip 56 77 130230 - 80 - 573 353 50 53 40 173 - 70 - 3S6 1 - 6 
L.S.D. (at 5% level) 71.71 
L.S.D. (at 1% level) 110.55 
20. Initial pop. 30 116107267 17 313 40 890 1853 30 80 20 220 20 230 27 627 16S3 
Okra 70 1207 213 13 1647- 2070 2810 65 63 33 200 7 1387 13 1768 1650 
Fallow 63 43 30 100 10 82 7 335 410 50 60 2 0 40 - 53 - -» * T J i J 
Scsbania 77 36 50 150 - 50 - 363 366 66 33 7 220 - 40 - 366 310 
Radish 7 47 10 213 - 213 15 505 260 23 33 7 80 - 170 - 313 186 
L.S.D. (at 5% level) 65.12 
L.S.D. (at 1% level) 100.39 
21. Initial pop. 30 116107267 17 313 40 890 1853 30 80 20 220 20 230 27 627 1683 
Fallow 93 60 50 133 10 50 - 396 2033 13 50 17 no 17 50 13 270 1573 
Tomato 70 11317 213 - 1027- 1440 1286 50 90 10 210 - 966 - 1326 976 
Sorghum 20 23680 150 - 250 - 736 506 - 210 50 143 - 203 - 606 983 
Fennel 20 47 60 150 - 353 - 630 453 - 40 60 206 - 250 - 556 160 
L.S.D. (at 5% level) 49.11 
L.S.D. (at 1% level) 75.72 





Initial pop. 30 116107267 17 313 40 890 1853 30 80 20 220 20 230 27 627 1683 
Fallow 93 60 50 133 10 50 - 396 2033 13 50 17 110 17 50 13 270 1573 
Cauliflower 7 86 30 1063 20 - 1206 1420 - 70 17 846 - 20 - 953 1573 
Sorghum 43 93 17 987 - 280 - 1420 613 21 50 20 697 - 143 27 958 640 
Coriander 20 63 63 294 - - - 440 SIO 30 34 13 170 - - - 247 533 
L.S.D. (at 5% level) 81.77 
L.S.D. (at 1% level) 126.06 
Initial pop. 30 116107267 17 313 40 890 1853 30 80 20 220 20 230 27 627 1683 
Fallow 93 60 50 133 10 50 - 396 2033 13 50 17 110 17 50 13 270 1573 
Mustard 40 83 27 116 - 147 - 413 293 27 70 10 90 - 120 - 317 313 
Sorghum 70 28750 280 - 270 20 977 353 20 136 40 105 - 240 - 541 340 
Carrot 80 40 10 200 13 320 - 663 350 70 23 180 87 - 180 - 540 206 
L.S.D. (at 5% level) 34.82 
L.S.D. {at 1% level) 53.68 
Initial pop. 30 116107267 17 313 40 890 1853 30 80 20 220 20 230 27 627 1683 
Fallow 93 60 50 133 10 50 396 2033 13 50 17 n o 1 7 50 13 270 1573 
Wheat 160 17070 280 80 760 100 127 120 40 153 - 50 - 490 
Sorghum 70 18730 240 - 350 - 877 683 60 160 20 200 - 300 - 740 476 
Tuniip 77 90 343- 26 - - 536 260 53 4 0 20 - 20 - - 133 143 
L.S.D. (at 5% level) 76.09 
L.S.D. (at 1% level) 117.31 
Initial pop. 30 116107267 17 313 40 890 1853 30 80 20 220 : o 230 27 627 1683 
Fallow 93 60 50 133 10 50 - 396 2033 13 50 17 110 p 50 13 270 1573 
Fallow 30 40 23 34 - 20 23 170 220 - 20 7 33 - - 7 67 143 
Sorghum 150 200- 213 - 150 - 713 656 30 93 13 114 - 83 - 333 200 
Radish 37 33 7 113 20 153 - 363 210 47 13 120 143 13 100 - 436 170 
L.S.D. (at 5% level) 88.78 
L.S.D. (at 1% level) 136.86 
E a c h v a l u e is an a v e r a g e o f t h r ee r ep l i ca t e s 
H o p = Hoplolaimus indicus ; H e ! = Helicoty-lenchus indicus ; Ro t = Rolylencluilus reiiifonuis : Trh = Tyleiichorhynchus 
brassicae ; Tyl = Tylenchus filiformis ; M e ! = Meloidogyne incogniui larvae; Pra = Praiylcnchus coffeac : Total = Total 
paras i t i c ; S a p = Total s a p r o z o i c 
890 ( s e q u e n c e no . 1). T h o u g h m a i z e - f a l l o w - e g g p l a n t -
radish (seq. no . 10), s o r g h u m - t o m a t o - h o r s e g r a m - f e n n e l 
(seq. no. 11), s o r g h u m - c a u l i f l o w e r - h o r s e g r a m - c o r i a n d e r 
( s e q . n o . 12), o k r a - m u s t a r d - s e s b a n i a - c a r r o t ( s e q . no . 18), 
o k r a - w h e a t - s e s b a n i a - t u m i p ( seq . no. 19), f a l low- tomato -
s o r g h u m - f e n n e i and f a l l o w - c a u l i t l o w e r - s o r g h u i n - c a r r o t 
(seq. no . 22 ) w e r e e f f e c t i v e in r e d u c i n g the popu la t ion ol" 
p l a n t p a r a s i t i c n e m a t o d e s b u t s o r g h u m - m u s t a r d -
h o r s e g r a m - c a r r o t ( s e q . n o . 13 ) , s o r g h u m - w h e a t -
h o r s e g r a m - t u r n i p ( s e q . n o . 14) , s o r g h u m - f a l l o w -
horsegram-rad i sh (seq. no . 15), f a l low-mus ta rd - so rghun i -
car ro t ( seq . n o . 23 ) , f a l l o w - w h e a t - s o r g h u m - t r u n i p (seq. 
no. 24 ) and f a l l o w - m u s t a r d - s o r g h u m - r a d i s h ( seq . no. 
24) and f a l l o w - s o r g h u m - r a d i s h ( seq . no . 2 5 ) w e r e highly 
e f f e c t i v e in s u p p e s s i n g the p o p u l a t i o n o f p lan t parasi t ic 
n e m a t o d e s . D e e p p l o u g h i n g ( 4 0 c m ) w a s f o u n d more 
e f f e c t i v e t h a n t h e n o r m a l ( 2 0 c m ) p l o u g h e d p lo t s 
(Table 2). 
D I S C L ' S S I O . N 
T h e resu l t s p r e s e n t e d in Table i s h o w e d thai in ai! 
t he 25 c r o p p i n g s e q u e n c e s n o n e of the s e q u e n c e w a s 
e f f e c t i v e a g a i n s t t h e p l a n t pa ras i t i c n e m a t o d e s \ ' iz . . 
Hoplolaimus indicus. Heiicuiyleiichus indicus. 
Roty'cncludus reniformis. Tvlcnchorhynchus brassicac. 
Tvlencltus jilifurmis and Prcnviencluis coffeac at o n e 
t i m e , h o w e v e r t h e r e w e r e ins tances w h e r e ind iv idua l 
n e m a t o d e s p e c i e s w a s con t ro l l ed . 
T h e p o p u l a t i o n of p l an t parasi t ic n e m a t o d e s w a s 
s i g n i f i c a n t l y r e d u c e d in o k r a - c a u l i t l o w e r - s e s b a n i a -
c o r i a n d e r a n d o k r a - m u s t a r d - s e s b a n i a - c a i r o t . T h e s e 
c r o p p i n g s e q u e n c e s w e r e f o u n d coniparatively 
benef ic ia l . T o m a t o , e g g p l am and cau l i f lower crops w h e n 
u s e d in c r o p p i n g s e q u e n c e s increased the popula t ion c : 
.\icloido<:vne inco>j,niia l a r v a e . Roivlenchuius 
reniformis a n d Tvlenchorhvnchus brassicae w h i c h 
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a p p e a r s g o o d h o s t s fo r the n e m a t o d e s (1, 2, 3). 
T h e p o o r m u l t i p l i c a t i o n o f t he p lant p a r a s i t i c 
n e m a t o d e s w a s o b s e r v e d in m u s t a r d beds, it c a n b e 
at t r ibuted to the inhibi tory e f fec t o f a l ly l iosoth iocyanates 
c o m p o u n d p r e s e n t in the root d i f f u s a t e s of these p l a n t s 
(20, 37) . Various Srassicci spp . h a v e been r ecogn ized as 
bene f i c i a l c r o p s f o r t he s u p p r e s s i o n o f n e m a t o d e s in 
c ropp ing s equences (10, 14, 15 ,29 ) . Various 5ra55(Cfl sp. 
p r o d u c e d m a n y c o m p o u n d s i n c l u d i n g i so th iocyna tes , 
t h i o c y a n a t e s and n i t r i tes on h y d r o l y s i s . Some o f i he 
b y p r o d u c t s o f t he se c o m p o u n d s o n decompos i t i on m a y 
be tox ic to n e m a t o d e s ( 9 , 1 3 . 2 1 , 2 8 ) . 
It w a s i n t e r e s t i n g to o b s e r v e tha t a h i g h l y 
suscept ib le c r o p did not b r i ng abou t increase in n u n i b e r s 
o f n e m a t o d e s if f o l l o w e d b y n o n - h o s t c rop fo r 1 -2 
consecu t ive s e a s o n s . In f a l l ow p lo t s the popula t ion of 
p l a n t p a r a s i t i c n e m a t o d e s e i t h e r m a i n t a i n e d o r 
suppressed . It can be d u e to ihe fact that there are u sua l ly 
cer ta in w e e d s and g ra s se s wh ich act as good hos ts a n d 
ma in ta in the n e m a t o d e p o p u l a t i o n at fairly high ie\ e ls 
(38,39). 
D e e p p l o u g h i n g ( 4 0 c m ) w h e n c o m p a r e d w i t h 
normal p lough ing (20 c m ) in c rop rota t ion has been f o u n d 
more ef fec t ive in reduc ing the popula t ion of plant parasi t ic 
n e m a t o d e s . T h e d e e p p l o u g h i n g d i s t u rb s the e c o l o g i c a l 
n i che and e x p o s e s t he l o w e r soi l s t ra ta con ta in ing l a rge 
n u m b e r of n e m a t o d e s . T h e m i c r o o r g a n i s m s are f a n n e d 
up and exposed to the external un favou rab l e env i ronmen t 
l ike s u n and d e s i c c a t i o n . T h i s c o u l d in part be t h e 
p r o b a b l e r eason for l o w e r n e m a t o d e popula t ion (13 . 26 , 
2" . 3 9 , 4 0 ) . Th i s poss ib i l i ty can be ruled oui in ;he p re sen t 
case . 
C r o p s l ike f e n n e l , c o r i a n d e r , car ro t , h o r s e g r a m , 
miustard, s e sban ia , s o r g h u m and w h e a t if i nco rpo ra t ed 
in the c r o p p i n g s e q u e n c e s or p lo t s a l lowed to r e m a i n 
fa l low subs t an t i a l ly s u p p r e s s e d the popula t ion o f p l an t 
paras i t i c n e m a t o d e s to a ve r \ ' l o w o r undetec table l eve l . 
The induct ion o f an ideal nema t i c ida l c rop rotations c o u l d 
c o n t i n u e to b e o f i m m e n s e p rac t i ca l util i ty s ince it d o e s 
not h a v e m a n y o f t h e o t h e r n e m a t o d e m a n a g e m e n t 
s c h e m e s . G r o w i n g h o s t c r o p s f a v o u r s n e m a t o d e 
mul t ip l ica t ion and n o n hos t c rops s u p p r e s s the n e m a t o d e 
p o p u l a t i o n . 
It shou ld no t b e i m p o s s i b l e to f ind a g r o n o m i c a l l y 
adap t ab l e a l t e rna t ive c r o p s to r e p l a c e the main hos t c r o p 
m m o s t part o f the c o u n t r y fo r s h o r t or even long t e r m 
ro ia t ions . It is p o l l u t i o n f r e e a n d n o soil e ros ions t a k e s 
p l ace by this n e m a t o d e m a n a g e m e n t strategy. 
It c an be s a f e t o c o n c l u d c t h a t in s p i t e o f the 
c o n s t r a i n t s i m p o s e d o n t h e g r o w e r s , i n t e g r a t e d 
m a n a g e m e n t o f p l a n t p a r a s i t i c n e m a t o d e s t h r o u g h 
c r o p p i n g sequences c o m b i n e d w i t h n o r m a l a n d d e e p 
p l o u g h i n g a m o n g o t h e r cu l tu ra l p r a c t i c e s is a s a f e and 
po l lu t i on f ree a l t e rna t ive m a n a g e m e n t s t ra tegy . 
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I R e c e i v e d I d . \ ' i i v e i i i h e r 2 i l ( l S 
r il'tCLMi econcmically importaiu plant,specMes were tested for Iheir.suilabililytocommonly occurring 
n e m a t o d e s v i z . H n p l o l a i i n u s i n d i i u s . H e l i c < i t \ l e n c l i i i s i n t l i c i i s . T v l e n c h i i s f i l i j a n n i s . R o l y l e u c l u i l u s r e i i i f d n i i i s . 
i v I e n c l K i r h v n c l i i i s h r a s s i c a e . P r a i v l e n e l u i s z e a e a n d M e k i i J o i i v i i c i i H u a n i t a . T h e p l a n t s r e a c t e d d i l l ' e r e n t i v t o 
dilTerent nematodes. Moreover, eight fruit trees/plants were also tested for their suitabihty to nematodes. 
K e y w a r i l s : Plant parasitic nematodes: Host suitability; Crops: Fruit trees'plants 
I N T R O D U C T I O N 
R a s h t d et al. (1973) repor ted high p o p u l a t i o n s of p lan t paras i t ic n e m a t o d e s viz.. 
HoploUntuus indicus Sher. Hi'licolylcnchus indicns Siddiqi , Tylenchus fUiformi.s Butschli 
a n d Tridtodoriis mirzai Siddiqi on va r ious c rops . These tiny o r g a n i s m s can be a se r ious 
a n d poten t ia l t h rea t to cul t ivat ion, relay c r o p p i n g p r o g r a m m e and to o u r ag r i cu l tu re 
e c o n o m y m the nea r fu ture . The re fo re , there is a need to invest igate the host sui tabi l i ty 
aga ins t prevail ing plant paras i t ic n e m a t o d e s . T h o u g h in agr icu l tura l ly a d v a n c e d 
c o u n t r i e s much research has been d o n e on host sui tabil i ty to several species of p lan t 
pa ras i t i c n e m a t o d e s (Ca t tan and Shill ing, 1992; G o o d , 1972; N u s b a u m a n d Ferr i s , 
1973: Ferr is and G r e c o , 1992; W e a v e r ct al... 1995). Some w o r k (A lam et al., 1978, 1979) 
has been done but this i n fo rma t ion is still i n a d e q u a t e in o u r c o u n t r y , India . Hence , an 
a t t e m p t has been m a d e to eva lua t e the sui tabi l i ty of s o m e economica l ly i m p o r t a n t 
p l an t s to certain p l an t parasi t ic n e m a t o d e s . 
M.VrERIALS A N D . M E T H O D S 
T h e exper imenta l a rea at Univers i ty Agr i cu l tu re F a r m heavi ly infested with the lance 
n e m a t o d e . Hoplolaimu.s indicns Sher . the spira l n e m a t o d e , Helicotylcnchus indicus 
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Siddiq i , the r c n i f o n n n e m a t o d e , Rotylenchuliis rvniformis L in fo rd & 01ivcir;i, the s lum 
iicnKitode, Tyk-nchorhynchus hrassicac S iddiq i , the r o o t - k n o t nema tode , Mcloitloi^ync 
Inciif^iiila ( K o f o i d & Whi te) C h i t w o o d , tiie lesion n e m a t o d e , /'raiylenchiis coffcdc 
( Z i m m . ) Fii ip & Stekh and the ( ihform n e m a t o d e , Tylenc/ius filiformis Biilschli was 
selected. T h e expe r imen t was carr ied out f r o m 1982 to 1984. Both rabi (winter) and 
khar i f ( s u m m e r ) c r o p s were selected and g r o w n in their respective seasons . T h e r e were 
th ree rep l ica t ions for each c rop . T h e c r o p s selected were t o m a t o , Lyaipcrsicon 
cscKlcnlum L. ( F a m . So lanaccac ) cv. ' P u s a R u b ^ ' ; e g g p l a n t , Sa/anum im'li>n^fH(i L. 
( F a m . So l anaccae ) cv. 'Pusa Purp le Long"; ca r ro t , Daucus carota L. ( F a m . 
Umbe l l i f e r ae ) cv. ' P u s a Kcsa r ' ; caul i f lower , Brasska olcmcca Ix/tryiis L. ( F a m . 
Cr i ic i fe rae) cv. ' S n o w ball ' ; co r i ande r , Coriandntm saiivuni L. ( F a m . Umbel l i f e rae ) 
c\'. "Local ' ; fennel , Foeniculum viilgare Mill. ( F a m . Umbel l i fe rae) cv. "Local"; 
h o r s e g r a m , Doliclios biflorux A u c t . ( F a m . Pap i l ionaceae) cv. "Pusa Navbaha r " ; maize, 
Zea mays L. ( F a m . G r a m i n e a e ) cv. 'Ganga-5" ; m u s t a r d , Brassica campc.\iri.\ L. ( F a m . 
C r u c i f e r a e ) cv. 'RL- IH ' ; o k r a / l a d y finger, Ahclmoschus usculcnlus M o e n c h . ( F a m . 
M a l v a c c a e ) cv. ' P u s a Sawan i ' ; rad ish , Raphanus sativus L. ( F a m . Cruc i fe rae ) cv. "Pusa 
R a s h m i ' ; sesban ia , Scshania aculcatc Poir ( F a m . Leguminosae ) cv. 'Loca l ' ; s o r g h u m . 
Sorghum vulgare Pers. ( F a m . G r a m i n e a e ) cv. •X-988'; t u rn ip , Brassicci rapa L. ( F a m . 
C r u c i f e r a e ) cv. ' R e d ball ' a n d whea t , Triticum acstivum L. ( F a m . G r a m i n e a e ) cv. 'E-ID-
2285 ' in d i f ferent c o m b i n a t i o n s a n d rows. Fer t i l izers were app l ied at the ra te of 10 kg 
N / h a in two e q u a l doses and 55 kg P a n d K / h a in one single dose . Cu l t i va t ion 
t r e a t m e n t s like weeding, wa te r ing etc. were d o n e as a n d when cons idered necessary. T h e 
p o p u l a t i o n of p l an t paras i t ic n e m a t o d e s w a s de t e rmined b e f o r e sowing (Pi) and a f t e r 
ha rves t i ng (PO of the c rops with the help of C o b b ' s sieving a n d decan t ing m e t h o d a l o n g 
wi th modi f ied B a e r m a n n funne l t e chn ique (Sou they , 1986). R e p r o d u c t i o n f ac to r 
(R = Pf /P i ) fo r each n e m a t o d e species on d i f fe ren t c rops was ca lcula ted by dividing the 
final p o p u l a t i o n (PO by the initial p o p u l a t i o n (Pi). R a n k i n g of the p lan t s on the basis of 
r e p r o d u c t i o n f ac to r (R) as g o o d (R > 1.50), m o d e r a t e (R = 1.00 to 1.49) a n d p o o r 
(R < 1.00) hos t was used. F o r the exper imen t of f rui t t r ees /p lan t s viz, p a p a y a , Carka 
papaya L. ( F a m . Car icaceae) ; l emon, Ciinis aurantifolia Swingle ( F a m . Ru taceae ) ; 
o r a n g e . Citrus rcticukita Blanco ( F a m . Ru taceae ) ; m a n g o , Maugifera indica L. ( F a m . 
.A.nacardiaccac); b a n a n a , Musa paradisiacal L. ( F a m . Musaceae ) : guava , /'sidiiiiii 
guajava ( F a m . Myr taceae ) ; j a m b o l a n , Syzigium cumini Skeels ( F a m . Myr t aceae ) : 
g r a p e s , Viiis vuiifcra L . ( F a m . V i t a c e a e ) a n d j u j u b e / b e r , Zizyphus jujuba L . ( F a m . 
R h a m n a c e a e ) g r o w i n g in Naqv i P a r k , Al iga rh were selected fo r one year (1984). In each 
case soil s a m p l e s were col lccted f r o m th ree t rees r a n d o m l y . T h e initial a n d final 
n e m a t o d e p o p u l a t i o n s were also taken o u t . T h e r a n k i n g of the p lan ts were car r ied ou t 
as m e n t i o n e d a b o v e . 
RF i^ULTS 
A perusa l of resul ts descr ibed in Tab le s I & IF clearly s h o w tha t the reac t ion of c r o p s 
var ies f r o m n e m a t o d e to n e m a t o d e . G r o w i n g ca r ro t , cau l i f lower , c o r i a n d e r , fennel , 
h o r s e g r a m , maize , m u s t a r d , rad ish , s o r g h u m , t u r n i p a n d whea t did not s u p p o r t the 
mul t ip l i ca t ion of n e m a t o d e p o p u l a t i o n . In teres t ingly all the m e m b e r s of family 
C r u c i f e r a e were f o u n d to suppre.ss the n e m a t o d e p o p u l a t i o n s . Simi lar o b s e r v a t i o n s 
have a lso been repor ted by G o m m e r s (1973) a n d A l a m d al. (1977). 
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SUITABILITY Ol- CROPS TO NLMATODHS 
In case of fruit t rees/plants the members of dilTerent species of nematodes varied. O n 
tiic basis of this account the plants were te rmed as good, modera te or p o o r hosts for a 
par t icular nematode species. These observa t ions would be of great interest and would 
thus go a long way in developing advisory services. 
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S t u d i e s on the n e m a t o - t o x i c i t y of roo t e x u d a t e s of c e r t a i n spec ies of Tagetes 
MANSOOR A. S I D D I Q U I and M. MASHKOOR ALAM 
Department ol" Boiany, Aligarh Muslim University, Aliearh-202002, India 
M a r i g o l d s {Tagetes s p p . ) h a v e b e e n 
r e p o r i c d t o be n e m a l o - t o x i c p a r t i c u l a r l y 
T. panda o r T. crccta ( A l a m et al.. 1975; 
B a k k c r c - / a / . , 1979; Gor . i i ne r s . 1981) . In 
a d d i t i o n t o t h o s e , o t h e r s p e c i e s s u c h as 
T. lucida, T. minuta a n d T. termifdia 
a r c a l s o g r o w n f o r o r n a m e n t a l p u r -
p o s e s b u t n o t h i n g is k n o w n w h e t h e r 
t h e s e a r e n e m a t o - t o x i c . H e n c e in t h e p r e -
s e n t p a p e r an a t t e m p t h a s b e e n m a d e t o 
d e t e r m i n e t h e m o r t a l i i v of p l a n t - p a r a s i -
t i c n e t n a i o d e s in r o o t e x u d a t e s o f t he 
t h r e e s p e c i e s o f Tagetes n o t s t u d i e d so 
f o r . 
R o o t - e x u d a t e s o f T. lucida T. 
minuta a n d T. tenuifolia w e r e o b t a i n e d 
b y d i p p i n g t h e r o o t .>;ysiems o f t en 
4 - w e e k o ld p l a n t s in 50 ml d i s t i l l e d 
w a t e r c o n t a i n e d in 100 ml c o n i c a l flask 
( A l a m ct o/ . , 1975) . T h e e x u d a t e s w e r e 
c o l l e c t e d a f t e r e v e r y 12 h r u n t i l 5 d a y s 
a n d w e r e s t o r e d in r e f r i g e r a t o r . T h i s w a s 
a r b i t r a r i l y t e r m e d a s ' s t a n d a r d ' (S) a n d 
u a s d i l u t ed t o S /2 , S / IO a n d S / 1 0 0 by 
a d d i n g r e q u i r e d a m o u n t o f d i s t i l l e d w a t e r . 
C o u n t e d s p e c i m e n s of Hoplolaiinus 
indicus S h e r , Helicotylenclnis indicus 
S i d d i q i a n d Tylenchusfilijormis E u t s c h l i 
e r e t r a n s f e r r e d t o 10 ml o f r o o t - e x u d a t e s 
o f t h e a b o v e c o n c e n t r a t i o n s s e p a r a t e l y 
f o l l o w i n g t h e m e t h o d of A l a m (1985) . 
N e m a t o d e s t r a n s f e r r e d t o d i s t i l l e d w a t e r 
s e n ed as c o n t r o l . N u m b e r of m o b i l e a n d 
i m m o b i l e n e m a t o d e s w a s c o u n t e d a f t e r 
12. 24 a n d 4 8 h r . T h e n e m a t o d e s w h i c h 
d i d n o t r e g a i n m o b i l i t y o n t r a n s f e r t o 
w a t e r w e r e c o n s i d e r e d d e a d a n d t h e m e a n 
p e r c e n t m o r t a l i t y w a s c a l c u l a t e d . 
T h e r o o t - e x u d a t e s o f Tagetes tenui-
folia p r o v e d t o b e m o r e t o x i c f o r Hoplo-
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Fig. 1. Regression lines sho\v.ing linear relationships between difTerent concentrations of root-
exudates of Tagctcs lucida and per cent mortality of nematodes. 
Fig. 2. Regression lines showing linear relationships between different concentrations of root-
exudates of Togctes minuia and per cent mortality of nematodes. 
Fig. 3. Regression lines showing linear relationships between different concentrations of root-
exudates of Tagetes tenuifoUa and per cent mortality of nematodes. 
laimus indicus a n d Helicotylenchus indiais 
f o l l o w e d by T. lucida a n d T-
minuta; bu t f o r T. fiUformis, T. 
tenuifoUa fo l lowed by T. minuta and 
T. lucida (F ig . 1 - 3 ) . T h e mor t a l i t y 
i n c r e a s e d wi th i n c r e a s e in t h e exposu re 
p e r i o d . H i g h e s t mor t a l i t y of all the 
n e m a t o d e s was o b s e r v e d in 'S ' c o n c e n t r a -
t i o n o f t h e r o o t e x u d a t e s . M o r e o v e r : t he 
m o r t a l i t y d e c r e a s e d wi th inc rease 
in t h e d i lu t ions . In 'S ' c o n c e n t r a t i o n 
t h e m o r t a l i t y of d i f fe ren t n e m a t o d e s 
v a r i e d , even a f t e r exposu re o f 48 hr . 
T h e n e m a t o d e s most s u s c e p t i b l e to 
e x u d a t e s a p p e a r e d t o be Helicotylenchus 
indicus f o l l o w e d by Tylenchusfiliformis 
a n d Hoplolaimus indicus. T h i s is u n d e r -
s t a n d a b l e a s Hoplolaimus indicus is 
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known for its thick cuticle. 
It appears that all the three species 
of Tagetes studied have nemato-toxic 
principles to a varying degree supporting 
other studies (Uhlenbroek & Bijloo 1958; 
Visscr & Vythilingam, 1959: Suatmadji, 
1969; B a k k e r et al., 1979). Alum et al. 
(1975) also reported the nemato-toxic 
properties of other species of Tagetes 
grown in India. Thus these studies 
together with reported earlier could be 
exploited for mixed culture of the crops 
more particularly vegetables with Tagetes 
spp. 
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FEASIBILITY OF GROWING ZINNIA AS A MIX-CROP ALONG WITH TOMATO 
FOR CONTROL OF ROOT-KNOT AND RENIFORM NEMATODES 
S a r t a j A. T i y a g i , S u h a i l Anver, Mehar Bano and M. A. S i d d l q u i 
Department of Botany, 
A l i g a r h Muslim U n i v e r s i t y , 
A l i g a r h - 202 001 
INDIA 
B e s i d e s r e s i s t a n t p l a n t s , t h e r e a r e s e v e r a l p l a n t s w h i c h s u p p r e s s the 
p o p u l a t i o n of p l a n t - p a r a s i t i c n e m a t o d e s by r e l e a s i n g n e m a t o t o x i n s i n t o t h e 
s o i l . M a r i g o l d , margosa , mustard and r o c k e t - s a l a d have been found i n h i b i t o r y 
t o p l a n t - p a r a s i t i c n e m a t o d e s even when grown ( a s a m i x - c r o p ) a l o n g wi t r . 
s u s c e p t i b l e c r o p s (Alam 1976, 1977) . In t h e p r e s e n t s t u d y t n e 
f e a s i b i l i t y of g rowing Z inn ia e l e g a n s Jacq. as a m i x - c r o p a l o n g with t o m a t o f o ' 
the c o n t r o l of r o o t - k n o t and r e n i f o r m nematodes was e x p l o r e d . 
T h r e e - w e e k - o l d s e e d l i n g s of t oma to cv. 'Pusa Ruby' r a i s e d in an a u t o c l a v e -
m i x t u r e of s o i l ( c l a y , sand and compost 7 :2 :1) were t r a n s p l a n t e d s i n g l y t o tr.e 
c e n t e r of 15-cm c l a y p o t s c o n t a i n i n g 1 kg s o i l . In the p e r i p h e r y of each po",, 
f o u r s e e d l i n g s of Z. e l e g a n s w e r e a l s o t r a n s p l a n t e d . I m m e d i a t e l y a f t e r 
t r a n s p l a n t a t i o n , t h e tomato s e e d l i n g s were i n o c u l a t e d wi th 1000 f r e s h l y h a t c h e s 
j u v e n i l e s of t h e r o o t - k n o t n e m a t o d e Meloidogyne i n c o g n i t a (Kofoid and White, 
1919) C h i t w o o d , 19^9, o r 1000 f r e s h l y i s o l a t e d s p e c i m e n s of t h e r e n i f o r - r . 
nematode R o t y l e n c h u l u s r e n i f o r m i s L i n f o r d and O l i v e i r a , 19'<0. There were t - o 
c o n t r o l s : one w i t h t oma to s e e d l i n g s t r a n s p l a n t e d a l o n e in a u t o c l a v e d s o i l a-.d 
the o t h e r w i t h t o m a t o s e e d l i n g s t r a n s p l a n t e d a l o n e in i n o c u l a t e d s o i l . Each 
t r e a t m e n t was r e p l i c a t e d t h r e e t i m e s . The e x p e r i m e n t was t e r m i n a t e d two months 
a f t e r i n o c u l a t i o n . Then p l a n t g r o w t h and r o o t - k n o t i n d i c e s (0-4 s c a l e ) we-e 
d e t e r m i n e d . The f i n a l n e m a t o d e p o p u l a t i o n was o b s e r v e d soon a f t e r tr.e 
t e r m i n a t i o n of e x p e r i m e n t by Cobb's method (Southey , 1970). 
The r e s u l t s (Table 1) c l e a r l y i n d i c a t e t h a t t h e r e was s i g n i f i c a n t i n c r e a s e 
i n t h e p o p u l a t i o n of M e l o i d o g y n e i n c o g n i t a a r o u n d t o m a t o when g rown a l c h e . 
H o w e v e r , i n p o t s h a v i n g Z. e l e g a n s w i t h t o m a t o , t h e n e m a t o d e p o p u l a t i o n 
d e c l i n e d . The r o o t - k n o t index on toma to was 3.75 when i t was grown a l o n e , c j t 
d e c r e a s e d t o 1.08 when grown a l o n g w i t h Z I n n i a . S i m i l a r l y in c a s e of 
r e n i f o r m i s , t h e nematode p o p u l a t i o n d e c l i n e d when tomato was grown a l o n g - i t n 
Z i n n i a , w h i l e i t was r e l a t i v e l y h igh in the c a s e of t oma to grown a lone . 
T h e s e r e s u l t s i n d i c a t e t h a t t h e d e c l i n e i n t h e n e m a t o d e p o p u l a t i o n oy 
g r o w i n g Z i n n i a was m a i n l y due t o t h e t o x i c n a t u r e of i t s r o o t - e x u d = t e . 
M o r e o v e r , P a n t £ t £ l . ( 1 9 8 3 ) have a l s o d e m o n s t r a t e d t h a t M. i n c o g n i t a d i d -.ct 
m u l t i p l y on Z i n n i a . 
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S t a t i o n e r y O f f i c e , London. 
Table 1. E f f e c t of i n t e r c u l t u r e of Z i n n i a e l e g a n s wi th tomato cv . 'Pusa Ruby' 
on the p o p u l a t i o n of t h e r o o t - k n o t nematode Meloidogyne i n c o g n i t a 
and the r e n i f o r m nematode R o t y l e n c h u l u s r e n i f o r m i s * . 
Weight of tomato (g) Root-
knot F i n a l 
Pf.» 
R = — 
Crop Trea tmen t Shoot Root T o t a l Index p o p u l a t i o n Pi 
M. i n c o g n i t a 
Tomato U n i n o c u l a t e d 20 .60 3 . 5 0 24. 10 - - -
Tomato I n o c u l a t e d 10. 10 1.50 11 .60 3 .75 3861 3 .86 
Tomato + 
Z inn ia 
I n o c u l a t e d 15.36 2 . 4 2 17 .78 1.08 883 0.88 
C.D. (P=0 .05 ) 2. 601 0 .301 
C.D. (PzO.Ol) 4 .314 0. 644 
R. r e n i f o r m i s 
Tomato U n i n o c u l a t e d 20 .60 3 .50 24 . 10 - -
Tomato I n o c u l a t e d 12.44 1.90 14.34 2432 2. : 
Tomato+ 
Z inn ia 
I n o c u l a t e d 15.40 2 .97 19.37 ,804 0. e c 
C.D. (P=0 .05 ) 2 . 3 1 8 
C . D . ( P = p . C l ) 4 . 674 
*Data g iven r e p r e s e n t s t h e mean of 3 r e p l i c a t e s . 
*'R = Reproduc t ion f a c t o r 
Pf - F i n a l p o p u l a t i o n 
Pi = I n i t i a l p o p u l a t i o n (1000 s p e c i m e n s / p o t ) 
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C O N T R O L O F P L A N T P A R A S I T I C N E M A T O D E S BY I N T E R C R O P P I N G 
W I T H TAGETES MINUTA 
by 
M.A. SiDDioui and M . M . A L A M 
S e v e r a l s t u d i e s h a v e s h o w n t h e n e m a t o d e - s u p p r e s s a n t e f f e c t s of 
Tagetes s p p . ( O o s t e n b r i n k , 1960; D a u l t o n a n d C u r t i s , 1963; H a c k n e y a n d 
D i c k e r s o n , 1975; A l a m et ai, 1977). I n I n d i a f a r m e r s s o m e t i m e s g r o w 
m a r i g o l d p l a n t s in l a n d b o r d e r i n g v e g e t a b l e c r o p s o r in b e t w e e n t h e r o w s . 
T h e w o r k r e p o r t e d h e r e is a n i n v e s t i g a t i o n of t h e e f f e c t of t h i s p r a c t i c e 
o n Meloidogyne incognita ( K o f o i d el W h i t e ) C h i t w . , Rotylenchulus 
reniformis L i n f o r d ei O l i v e i r a a n d Tylenchorhynchus brassicae S i d d i q i . 
Materials and Methods 
T h r e e w eek o l d s e e d l i n g s of t o m a t o (Lycopersicon escidenlum Mill . cv. 
P u s a R u b \ ) , e g g p l a n t {Solarium melongena L. cv. P u s a P u r p l e Long), 
c a b b a g e {Brassica olerucea capitata L. cv . P r i d e of I n d i a ) a n d c a u l i f l o w e r 
(B. oleracea botrytis L. cv. M a g h i ) w e r e t r a n s p l a n t e d s i n g l y i n t o t h e c e n t r e 
of 15 c m c l a y p o t s c o n t a i n i n g 1 kg a u t o c l a v e d m i x t u r e of soi l , s a n d a n d 
c o m p o s t (in 7:2:1 rat io). In s o m e of the p o t s 5 s e e d l i n g s of m a r i g o l d (Tagetes 
minuta L.) of t h e s a m e a g e u e r e t r a n s p l a n t e d e q u i d i s t a n t l y a r o u n d t h e 
p e r i p h e r y a s p e r t h e t r e a t m e n t s l i s t e d in T a b l e s I - I I I . T w o d a y s a f t e r 
t r a n s p l a n t i n g t h e p o t s w e r e i n o c u l a t e d in t h e r h i z o s p h e r e of t h e c e n t r a l 
s e e d l i n g w i t h 1000 s p e c i m e n s of o n e of t h e t h r e e t e s t n e m a t o d e s , viz., M. 
incognita. R. renifonr.is. o r T. brassicae. U n i n o c u l a t e d p l a n t s ser\^ed a s t h e 
c o n t r o l . T h e r e w e r e t h r e e r e p l i c a t e s f o r e a c h s e t . S i x t y d a y s a f t e r 
i n o c u l a t i o n t h e p l a n t s w e r e u p r o o t e d a n d w a s h e d g e n t l y a n d p l a n t g r o w t h 
— 205 — 
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a n d i r joi-kni) t i ndex (on 0-4 s c a l c j w e r e uc ic rminL 'd . l-'iiial soil p o p i i l a l i o n s 
of t he n e m a t o d e s w e r e d e t e r m i n e d by Cobb ' s s i ev ing iiiul deean t i t i g m e t h o d 
a n d m o d i f i e d B a e r m a n n f u n n e l t e c h n i q u e . 
R o o t - e x u d a t e s of T. minnta w e r e o b t a i n e d b\ ' d i p p i n g the r o o t s of t en 
s e e d l i n g s of t h e s a m e a g e in 50 ml s t e r i l i z e d d i s t i l l e d w a t e r . T h e e x u d a t e 
w a s c o l l e c t e d a f t e r 5 d a y s a n d t h e v o l u m e m a d e u p to 50 ml w i t h d i s t i l l e d 
w a t e r . T h i s e x u d a t e w a s a r b i t r a r i l y t e r m e d a s t h e s t a n d a r d (S). 
M o r i a l i t \ of the tes t n e m a t o d e s in d i f f e r e n t d i l u t i o n s of r o o t - e x u d a t e s 
w a s d e t e r m i n e d by t r a n s f e r r i n g 2nd s t a g e j u v e n i l e s of M. incoi^iiila a n d 
d i f f e r e n t f r e e s t a g e s (soil p h a s e ) of R. renifarmis a n d 7". hrassicae to 40 m m 
p e t r i p l a t e s c o n t a i n i n g 10 ml of d i f t e r e n t d i l u t i o n s ol the r o o t - e x u d a t e s 
(Alam, 1985). Pe t r i d i s h e s c o n t a i n i n g d i s t i l l ed w a t e r on ly s e r v e d a s t h e 
c o n t r o l . T h e r e w e r e t h r e e r e p l i c a t e s fo r e a c h t r e a t m e n t i n c l u d i n g t h e 
con t ro l . T h e n u m b e r of d e a d a n d living n e m a t o d e s w e r e c o u n t e d a f t e r 12, 24 
a n d 48 hr , d e a t h be ing a s c e r t a i n e d a f t e r t r a n s f e r r i n g t h e m to w a t e r l o r 1 h r . 
F o r s t u d v i n g t h e e f f e c t of t he r o o t - e x u d a t e s o n t h e j u v e n i l e h a t c h of 
.V/. incognita, f ive ax e r a g e s ized h e a l t h y a n d f r e s h l y p i c k e d e g g m a s s e s we i ' e 
t r a n s f e r r e d to p e t r i d i s h e s (40 m m d i a m e t e r ) c o n t a i n i n g 10 ml of d i f f e r e n t 
d i l u t i o n s of t h e r o o t - e x u d a t e s . T h e r e w e r e t h r e e r e p l i c a t e s f o r e a c h 
t r e a t m e n t i n c l u d i n g t h e c o n t r o l . T h e t o t a l n u m b e r of h a t c h e d j u v e n i l e s 
w a s c o u n t e d a f t e r 5 d a y s a n d p e r c e n t i n h i b i t i o n of t h e j u v e n i l e h a t c h i n g 
in r e l a t i o n to t h e c o n t r o l w a s c a l c u l a t e d . 
Results and Discussio)i 
R e s u l t s p r e s e n t e d in T a b l e s I - III i n d i c a t e t h a t al l t h e t h r e e tes t s p e c i e s 
of n e m a t o d e s w e r e h i g h l y p a t h o g e n i c on t h e i r r e s p e c t i v e h o s t s a s t h e y 
m u l t i p l i e d f r e e l y on c o n t r o l p l a n t s . T h e n e m a t o d e m u l t i p l i c a t i o n w a s , 
h o w e \ e r , s i g n i f i c a n t l \ ' r e t a r d e d w h e n t h e s e c r o p s w e r e g r o w n v^ith 
m a r i g o l d s . T h e r o o t - k n o t i n d i c e s on t o m a t o a n d e g g p l a n t w e r e 1.8 a n d 1.5 
r e s p e c t i v e l y w h e n m a r i g o l d s w e r e g r o w n w i t h t o m a t o a n d e g g p l a n t , 
c o m p a r e d w i t h 4.0 w i t h o u t m a r i g o l d s ( T a b l e I). R. reniformis h a d a 
r e p r o d u c t i o n f a c t o r of 2.1 on t o m a [ o a n d 1.9 o n e g g p l a n t w h i c h in t h e 
p r e s e n c e of m a r i g o l d s w e r e r e d u c e d t o 0 .8 a n d 0.7 r e s p e c t i v e l y ( T a b l e II). 
T h e r e p r o d u c t i o n f a c t o r of T. brassicae w a s 2.4 o n t o m a t o , 2.2 on e g g p l a n t , 
1.9 on c a b b a g e a n d 1.6 o n c a u l i f l o v ^ e r . It w a s r e d u c e d to 0.7, 0.8, 0 .7 a n d 
0 .8 on t h e s e c r o p s r e s p e c t i v e l y in t h e p r e s e n c e of m a r i g o l d s ( T a b l e III). 
As a c o n s e q u e n c e of r e d u c t i o n in n e m a t o d e m u l t i p l i c a t i o n t h e p l a n t g r o w t h 
in all c a s e s w a s e n h a n c e d s i g n i f i c a n t l y ( T a b l e s I - III). 
— 2 0 6 — 
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T h e r o o l - c x u c k i l c of I', niiuula w a s t o u n d m o s t t o x i c Ir; R. roiiformis 
r o U o w e d b y T. hrassicac a n d M. incog)iiia ( T a b l e IV). N e i n a t f j d e m o r t a l i t y 
i n c r e a s e d w i t h i n c r e a s e in c o n c e n t r a t i o n of t h e r o o t - e x u d a t e a n d t h e 
e x p o s u r e p e r i o d ( T a b l e IV). T h e i n h i b i t i o n of j u v e n i l e h a t c h i n g f r o m 
e g g m a s s e s of M. incognita e . xposed t o t h e r o o t - e x u d a t e l o r 5 d a y s w a s 8 0 % 
a t t h e fu l l c o n c e n t r a t i o n (S), 7 4 . 5 % a t S 2, 5 1 . 0 % at S / l O a n d 2 0 . 4 % a t S /100 . 
T h e p r e s e n t f i n d i n g s i n d i c a t e t h a t t h e p r a c t i c e of g r o w i n g m a r i g o l d s 
i n t e r m i x e d \ ^ i t h v e g e t a b l e s c r o p s s u p p r e s s e s s o m e p l a n t p a r a s i t i c 
n e m a t o d e s . T h i s k i n d of n e m a t o d e c o n t r o l is of s p e c i a l s i g n i f i c a n c e a s it 
is d e v o i d of e n v i r o n m e n t a l p o l l u t i o n h a z a r d s . 
T h e p r e s e n t f i n d i n g s c o n f i r m a n d e x t e n d t h e f i n d i n g s of A l a n i et al. 
(1975) , w h o r e p o r t e d t h e n e m a t i c i d a l n a t u r e of r o o t - e x u d a t e s of T. erecla, 
a n d t h o s e of S t e s s e l a n d S a k k i n e n (1961) w h o f o u n d s t r o n g n e m a t i c i d a l 
a c t i o n of r o o t s a p of T. lucida a g a i n s t Panagrellus redivivus. 
W e a r e g r a t e f u l to Dr . M o h i n d e r P a l . H e a d , C y t o g e n e t i c s L a b , N a t i o n a l 
B o t a n i c a l R e s e a r c h I n s t i t u t e (N' .B.R.I . ) , L u c k n o w - 2 2 6 0 0 1 , I n d i a f o r 
p r o \ ' i d i n g a u t h e n t i c s e e d s of T. minnu:. 
Tab le I • Effeci oj inierculture of Tagetes m i n u t a on root-knot development of 
Meloidogyne incogni ta and growth of iontato and eggplant. 




Weight' igl Root-knot 
Shoot Root Total indc.x' 
T o m a t o Un inocu l a t ed 11.2 33.4 
a l o n e 
T o m a t o [nocu la i cd I 12 7.5 18,7 4.0 
a l o n e (51.3)^ 
T o m a t o and Inocu la t ed 2 ' , 3 10.0 33.3 1.8 




Eggplai i i 
a l o n e 
l i i i n o c u l a t e d : c 0 10.0 36.0 — 
E g g p l a n ; Inocu la t ed 3.5 12.0 4.0 
a l o n e (66.7) 
E g g p l a n ; Inocu la t ed 2 - . 0 6.3 30.3 1.5 




• Each va luc IS an .ncrage ut three : eplicaie^. 
' \':ilut.-s lor per CLMI; rc'duction in plain M.eight o\er uninoculated control are given in 
paremhei-is 
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T a b i c II - Effect of imerciilturc nf T a g c t c s rn imi l a o)i ihc /lupiilcnioii of R<it\-
i c n c h u l u s r e n i f o r m i s and plaril <ii()w!/i of tomcuo and ci'xjtlani. 
C r o p s 
Inoculation VVciglil'(i;) Final ^^  
with the ^ ^ I'opula l< 
nematode Shoot Root T<H;JI uon' 
T o m a t o 
a l o n e 
T o m a t o 
a l o n e 
T o m a t o a n d 
T a g e t e s 
E g g p l a n t 
a l o n e 
E g g p l a n t 
a l o n e 
E g g p l a n t 
a n d T a g e t e s 
L n i n o c u l a t e d 27.2 11.2 38.4 
I n o c u l a t e d 9.5 6.8 16.3 2.i 
(57.4j ' 
9.0 25.3 S20 0 .8 
(34.0) 
3.42 70 .97 
10.0 36.0 — __ 
I n o c u l a t e d 16.3 
C.D. {9 = 0.05) 
L n i n o c u l a t e d 26 .0 
I n o c u l a t e d 
I n o c u l a t e d 19.3 
C.D. (P = 0.05) 
11.0 9.8 20.8 ! S 8 3 1.9 
(42. ! ) 
8.3 27.6 730 0.7 
(23.3) 
5.91 6 4 . 1 5 
' Each value is an a\eragc of three replicates. 
^ Values for per cent reduction in plant weight o \er uninoculatcd control are 2i\en ;n 
parenthesis. 
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l a b l e III • lijleci of interculmre of T a g e t e s m i n u t a on the populctlion of Tyle i ic l io-
l i n n c h u s b r a s s i c a e and plant growth of selected crops. 




Weight ' (g) r inal 
f'opu la-
lion' Shoot Root Total 
T o m a t o U n i n o c u l a t e d 27.2 11.2 38.4 _ _ 
a l o n e 
T o m a t o I n o c u l a t e d 10.2 5.5 15.7 2400 2.4 
a l o n e (59.2)2 
T o m a t o a n d I n o c u l a t e d 21.3 8.4 29.7 740 0.7 
T a g e t e s 
C D . (P = 0.05) 
(22.5) 
5.21 55.02 
E g g p l a n t U n i n o c u l a t e d 26.0 10.0 36 .0 _ 
a l o n e 
E g g p l a n t I n o c u l a t e d 11.0 5.5 16.5 2176 2.2 
a l o n e (54.2) 
E g g p l a n t I n o c u l a t e d 19.9 9.2 29.1 820 0.8 
a n d T a g e t e s 
C.D. (P = 0.05) 
(19.2) 
2 .75 61 .68 
C a b b a g e U n i n o c u l a t e d 31.0 7.3 38 .3 _ 
a l o n e 
C a b b a g e I n o c u l a t e d 21.0 4.2 25.2 1916 1.9 
a l o n e (34.3) 
C a b b a g e a n d I n o c u l a t e d 24.4 7.2 31 .6 720 0.7 
T a g e t e s 
C.D. (P = 0.05) 
(17.6) 
6 .78 76.14 
C a u l i i l o w e r U n i n o c u l a t e d 51.2 11.7 62 .9 _ 
a l o n e 
Caul i f l o w e r I n o c u l a t e d 27 .0 7.0 34 .0 1600 1.6 
a l o n e (45.9) 
Caulif lo\>. 'er I n o c u l a t e d 30 .0 8.0 38 .0 810 0.8 
a n d T a g e t e s 
C.D. IP = 0.05J 
(39.5) 
8 .92 58 .60 
Each value is an average of th ree replicates. 




T a b i c IV - Mortality of plant parasitic nematodes in root cxiidates oj marigold. 
T a g e l e s m i n u l a . 
Exposure period % mortal ity in different concent rations' 
(hr) S S/2 S/10 s/loo 
Meloidogyne incognita 
12 30 20 1 1 0 
24 50 2.S 15 0 
48 60 39 25 9 
Rotylenchidus renijormis 
12 60 21 0 0 
24 69 19 10 0 
48 79 50 25 5 
Tylenchorhynchus hrassicae 
12 44 20 7 0 
24 62 43 16 0 
48 73 56 19 5 
' Each value is an average of three replicates . No mortal i ty occurred in distil led water 
(control). 
S U M M A R Y 
Marigold, Tagetc^ >nintaa. in mix-culture, s ignif icantly inhibited the root-knot 
dexelopnient caused b\ Meloidogyne incognita on tomato and eggplant and reduced the 
mult ipl icat ion of Roi\le'ichulus reniformis and Txlenchorhynchus hrasncae on tomato, 
eggplant, cabbage and caul i f lower. The grox'ith of all the test plants was improved when 
marigolds were p iesen i The root-e.xudates of T. iniiiuta a l so e,\hibited strong nematic idal 
action. 
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EFFECT OF INTERCULTURE OF MARGOSA ANO PERSIAN LILAC WITH TOMATO 
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S o i l amendments w i t h margosa ( A z a d i r a c h t a i n d i c a A. J u s s . ) cake and l e a v e s 
h a v e b e e n shown t o a f f e c t n e ma t o d e p o p u l a t i o n s a d v e r s e l y ( S i n g h a n d 
S i t a r a m a i a h , 1970). I n t e r c u l t u r e of T a g e t e s spp. w i t h c e r t a i n v e g e t a b l e s h a s 
b e e n f o u n d t o have an adverse_ e f f e c t on r o o t - k n o t d e v e l o p m e n t (Khan e t a l . , 
1971). O the r p l a n t s known f o r n e m a t i c i d a l p r o p e r t i e s , such a s neem and P e r s i a n 
l i l a c ( M e l i a a z e d a r a c h L.) , when a p p l i e d a s s o i l a m e n d m e n t s r e d u c e t h e 
p o p u l a t i o n of n e m a t o d e s . I t i s n o t known w h e t h e r t h e i n t e r c u l t u r e w i n n 
s e e d l i n g s of t h e s e p l a n t s c o u l d be used t o r e d u c e t h e n e m a t o d e p o p u l a t i o n i n 
s o i l . Hence p r e s e n t i n v e s t i g a t i o n s were t a k e n up. 
T h r e e - w e e k - o l d s e e d l i n g s of tomato {Lycopers icon l y c o p e r s i c u m . (L.) K a r s t e n j 
c v . ' P u s a Ruby' and e g g p l a n t (So lanum m e l o n g e n a L.) c v . ' P u s a P u r p l e Long ' 
r a i s e d in a s t e r i l i z e d m i x t u r e of s o i l : s a n d : c o m p o s t (7 :2 :1) were t r a n s p l a n t e d 
s i n g l y i n t o the c e n t r e of 1 5 - c m - d i a m e t e r c l a y p o t s f i l l e d wich 1 kg s t e r i l i z e - d 
s o i l . At t h e p e r i p h e r y of e a c h p o t , f i v e t h r e e - w e e k - o l d s e e d l i n g s o f 
n e e m / m a r g o s a and b a k a i n / P e r s i a n l i l a c w e r e t r a n s p l a n t e d . The v e g e t a b l e 
s e e d l i n g s were i n o c u l a t e d w i t h 1000 f r e s h l y ha tched s e c o n d - s t a g e j u v e n i l e s o f 
t h e r o o t - k n o t nematode Meloidogyne i n c o g n i t a (Kofoid and Whi te , 1919) Chi twooc, 
1949, and f r e s h l y i s o l a t e d s p e c i m e n s of t h e r e n i f o r m nematode, R o t y l e n c h u l u s 
r e n i f o r m i s L i n f o r d & O l i v e i r a , 1940. U n i n o c u l a t e d p l a n t s s e rved a s c o n t r o l s . 
Two months a f t e r i n o c u l a t i o n , t h e p l a n t s were u p r o o t e d , washed, and r a t e d f c r 
g a l l i n g on a 0 - 5 s c a l e ( T a y l o r and S a s s e r , 1978) . P o p u l a t i o n s o f n e m a t o d e s 
were d e t e r m i n e d in s o i l as w e l l from r o o t s (Southey, 1970). There were thre-s 
r e p l i c a t e s f o r each t r e a t x e n t . 
I n t e r c u l t u r e o f t o r . a t o and e g g p l a n t w i t h m a r g o s a and P e r s i a n l i l a c 
s e e d l i n g s r e d u c e d t h e r a n e of t r u l t i p l i c a t i o n of n e m a t o d e s and i n h i b i t e d c".6 
r o o t g a l l i n g . A s i g n i f i c a n t i m p r o v e m e n t in p l a n t g r o w t h was o b s e r v e d wizr. 
margosa s e e d l i n g s . In boch c a s e s the g r o w t h was c o m p a r a b l e w i th h e a l t h / or.es. 
With P e r s i a n l i l a c s e e d l i n g s , t h e r e was some improvement in t o m a t o conicored - o 
i n o c u l a t e d tomato . However, g rowth was no t equa l t o t h a t of h e a l t h y t o m a t o e s . 
I t i s l i k e l y t h a t t h e e x i s t e n c e of d i f f e r e n t n e m a t o x i c p r i n c i p l e s ir . 
m a r g o s a and P e r s i a n l i l a c may be r e s p o n s i b l e f o r d i f f e r e n c e s in t h e i r 
b e h a v i o u r . C e r t a i n coir.pounds such as niTr.bidin and thionirr ione have been f c j r . d 
t o be p r e s e n t i n t h e s e p l a n t s . T h e s e c o m p o u n d s m i g h t be l e a c h e d c u t a n d 
a d v e r s e l y a f f e c t nematode p o p u l a t i o n and m u l t i p l i c a t i o n (Khan e t a l . , 1 9 7 4 ) . 
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T a b l e 1. E££ec t o f i n t e r c u l t u r e o£ margosa and P e r s i a n l i l a c on t h e r o o t - k n o t d e v e l o p r o n t 
c a u s e d by Melo idoqyne i n c o g n i t a and p l a n t g r o w t h of t o m a t o c v . 'Pusa Ruby' and 
e g g p l a n t c v . ' P u s a P u r p l e L o n g ' (Mean of t h r e e r e p l i c a t e s ) . 
F i n a l nematode R o o t -
Weight (g ) p o p u l a t i o n Pf k n o t 
Crop T r e a t m e n t Shoot Root T o t a l * S o i l Root T o t a l R=Pi Index** 
Tomato U n i n o c u l a t e d 1 5 . 5 0 3 . 5 3 19 .03 - - - - -
Tomato I n o c u l a t e d 7 . 6 7 4 . 7 6 1 2 . 4 3 3876 78 3954 3 . 9 5 4 . 0 0 
( 3 4 . 6 8 ) 
Tomato + 
Margosa I n o c u l a t e d 1 3 . 4 3 5 . 5 0 1 8 . 9 3 1485 34 1619 1 . 6 2 2 . 0 0 
( 0 . 5 2 ) 
Tomato + 
P e r s i a n l i l a c I n o c u l a t e d 1 2 . 5 0 2 . 5 0 1 5 . 0 0 1961 42 2003 2 . 0 0 2 . 2 5 
( 2 1 . 1 7 ) 
C . D . ( P = 0 . 0 5 ) 0 . 9 1 9 72 .126 0 . 4 0 4 
C . D . ( P = 0 . 0 1 ) 1 .307 112 .704 0 . 6 1 2 
E g g p l a n t U n i n o c u l a t e d 1 7 . 0 3 4 . 1 3 2 1 . 1 6 - - - - -
E g g p l a n t I n o c u l a t e d 10 .17 4 . 4 3 1 4 .6 0 3450 69 3609 3 . 6 1 4 . 0 0 
( 3 1 . 0 0 ) 
E g g p l a n t + 
Margosa I n o c u l a t e d 1 6 . 0 0 5 . 0 0 2 1 . 0 0 1140 21 1161 1. 16 1 .40 
( 0 . 7 6 ) 
E g g p l a n t + 
P e r s i a n l i l a c I n o c u l a t e d 1 4 . 5 0 0 . 8 0 1 5 .3 0 1325 29 1354 1 . 3 5 1 . 9 0 
( 2 7 . 6 9 ) 
C . D . ( P = 0 . 0 5 ) 1 . 134 58 . 296 0 . 2 1 2 
C . D . ( P = 0 . 0 1 ) 1 . 6 1 3 9 6 . 6 8 4 0 . 3 2 2 
*In p a r e n t h e s e s a r e g i v e n p e r c e n t r e d u c t i o n 
**Index s c a l e : 0 = 0 g a l l s ; 1 = 1 - 2 g a l l s ; 2 
5 = 100+ g a l l s . 
= 3 - 1 0 g a l l s ; 3 = 1 1 - 3 0 g a l l s ; 4 = 31-100 g a l l s ; 
- 18Y-
T a b l e 2. E f f e c t of i n t e r c u l t u r e of margosa anf^ P e r s i a n l i l a c on t h e popu la t ion of 
Ro ty lenchu lus r e n i f o n n i s and p l a n t growth of tomato cv . 'Pusa Ruby' and 
eggp l an t cv . 'Pusa Purp le Long' (Mean of t h r e e r e p l i c a t e s ) . 
Weight (q) 
F i n a l nematode 
Pf 
Crop Treatment Shoot Root To t a l* So i l Root Tota l R=Pi 
Tomato Uninocula ted 15 .00 3 . 5 3 19.03 - - - -




P e r s i a n l i l a c 
Margosa 






P e r s i a n l i l a c 
Margosa 
P e r s i a n l i l a c 




I n o c u l a t e d 11.27 
I n o c u l a t e d 
I n o c u l a t e d 
C.D.(P=0.05) 
C.D.(P=0.01) 
Uninocula ted 17.03 
I n o c u l a t e d 10.17 
3 . 1 6 14.43 
(24.17) 
943 14 957 0 . 9 6 
948 22 970 0 . 9 7 
230 
250 
230 0. 23 
250 0. 25 
4 . 1 3 
2 .43 
I n o c u l a t e d 16.50 3 .83 
I n o c u l a t e d 14.10 3 .50 
I n o c u l a t e d 


















15 858 0 . 8 6 









0 . 2 5 
*In p a r e n t h e s e s a r e g iven p e r c e n t r e d u c t i o n in p l a n t we igh t over i n o c u l a t e d c o n t r o l . 
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M a r g c s a ; or neem, c a k e and l e a v e s ( A z a d i r a c h t a i n d i c a A. J u s s . ) p o s s e s s 
i n s e c t i c i d i l ar.d nematic)d=, l p r o p e r t i i e s (Singh and S i c a r a m a i a h , 1970; Khan e t 
a l . , 1 9 7 4 ) . In a d d i t i o n t o i r . a rgosa , t h e n e m a t o x i c i t y of v a r i o u s p a r t s of 
P e r s i a n l i l a c ( M e l i a a z e d a r a c h L.) h a s been d c c u m s n t e d ( S i d d i q u i and Alam, 
1935) . b.'o r e p o r t s on The managemen t of T y l e n c n o r h y n c l i t j s b r a s s i c a e S i d d i q i , 
1961, by ; r . i x c u i f j r e of margcsa and P e r s i a n l i l a c w i t h some v e g e t a b l e s have b£;n 
found; t h s r s f o r e , t h e p r e s e n t i n v e s t i g a t i o n s were unde r t aken . 
T h r s s - ' . ; i £ k - c l d s e e d l i n g s comaco ( L y c o p e r s i c c n fcsc!.] •.ncinn P. M i l l . ) cv. 
'Pusa R u b y , ' e g g p l a n t (Solanurn m e l c n g e n a L.) cv . ' P u s a P u r p l e Long, ' c a b b a g s 
( B r a s s i c a o l e r a c s a c a p i ^a ta I.) cv. ' P r i d e of I n d i a , ' and c i u l i t l o j e r (Brass : ca 
o l e r a c e a b o t r y t i s L.) cv . '.•':aghi' w e r e r a i s e d in s t e r i l i z e d so i l : sand :cor ; ;pcs t 
(7:2:1) . S e e d l i . ^ s " were t r a n s p l a n t e d s i n g l y i n t o Che c e n t r e of I5-cni-diai„fcceL 
c l ay p o t s f i l l e d w i th 1 kg aucoc laved s o i l . At t h e p e r i p h e r y of each po t , f i v e 
3 - w e e k - c l d s e e d l i n g s o f n ee m / m a r g c s a a n d b a k a i . . , --ar s i a n l i l a c w e r e 
t ransp la . - :csd . One week a f t e r oe ing t r a n s p l a n t e d , tr.e v e g e t a b l e s e e d l i n g s v.are 
i n o c u l a t e d uii'n 1000 f r e s h l y - i s o l a t a d s p e c i m e n s of t h e s t u n t n e m a t o d e 
T y l e n c h o r h y n c r . u s b r a s s i c a e . U n i n o c u l a t e d p l a n t s s e r v e d a s c o n t r o l s . Two 
months a f t e r i n o c u l a t i o n the p l a n t s were uprooted and washed. P l a n t growth and 
the s i z e c f the nematode p o p u l a t i o n were a s s e s s e d (Southey, 1970). There were 
t h r e e r e p l i c a t e s f o r each t r e a t m e n t . 
I n C e r c u l t u r a of t oma to , e ; g p l a n c , cabbage and c a u l i f l o v / e r \yith niargosa and 
P e r s i a n l i l a c s e e d l i n g s reduced t h e r a t e of m u l t i p l i c a t i o n c f nematocss (Table 
1). H o w e v e r , s i g n i f i c a n t i ~ p r o v e m s n t in g r o w t h of p l a n t s :ias o b s e r v e d w i t h 
margosa s c e d l i r . g s . In a l l c a se s , grc\.Jth was comparab le w i t h t h a t of h e a l t h y 
v e g e t a b l e plj .r .cs. With Pe r s i an l i l a c s e e d l i n g s , t h e r e ^.'as some improvemeiit in 
t o m a t o in c c - . - p a r i s o n co t h e i n o c u l a t e d , b u t u n t r e a t e d , o n e s . However , t h e 
p l a n t s were r.e: as h e a l t h y as "he u n i n o c u l a t e d ones . Margosa and P e r s i a n l i l a c 
i n h i b i t e i ei-.e . . u l t i p l i c a t i o r . of T. b r a s s i c a e in a l l t h e s u s c e o t i b l e p l a n t s 
t e s t e d ar.d iii.prcved p l a n t grc-c! i . 
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T a b l e 1. E f f e c t o f i n t e r c u l t u r e of m a r g o s a and P e r s i a n l i l a c on t h e p o p u l a t i o n of 
Ty l encho rhynchus b r a s s i c a e and on g r o w t h of t oma to , e g g p l a n t , cabbage and 
c a u l i f l o w e r . * 
I n o c u l a t i o n 
w i t h t h e 
Weight (g) 
F i n a l P.=Pf 
Crops nematode Shoot Root T o t a l * * p o p u l a t i o n Pi 
Tomato a l o n e U n i n o c u l a t e d 15 .50 3 . 5 3 19 .03 -
Tomato a l o n e I n o c u l a t e d 11.00 3 . 4 3 1 4 . 4 3 
( 2 4 . 1 7 ) 
1750 1.75 
Tomato+Margosa I n o c u l a t e d 12.40 4 . 4 6 16 .86 
( 1 1 . 4 0 ) 
727 0 . 7 2 
Tomato+Pers ian 
l i l a c I n o c u l a t e d 
C .D. (P=0 .05) 
C .D. (P=0 .01) 
13 .50 3 .30 16 .80 
( 1 1 . 3 8 ) 
2 .419 
3 . 4 4 1 
820 
7 1 . 6 5 1 
104.249 
o.e: 
Eggplant a l o n e Un inocu l a t ed 19 .03 12 .13 31 .16 - -
Eggplan t a l o n e I n o c u l a t e d 11.16 3 . 4 3 14 .59 
( 5 3 . 1 3 ) 
1350 1.35 
Eggplant + Margosa I n o c u l a t e d 15.40 4 . 0 0 19 .40 
( 3 7 . 7 4 ) 
700 0.7C 
E g g p l a n t + P e r s i a n 
l i l a c I n o c u l a t e d 
C .D. (P=0 .05) 
C.D.(P=O.Ol) 
13.30 3 .70 17 .00 
( 7 . 5 6 ) 






*Data a r e means of t h r e e r e p l i c a t e s 
**Values f o r p e r c e n t r e d u c t i o n in p l a n t weight o v e r u n i n o c u l a t e d c o n t r c i a r e g i v e n 




T a b l e 1. ( C o n t ' d . ) E f f e c t o f i n t e r c u l t u r e of margosa and P e r s i a n l i l a c on t h e p o p u l a t i o n 
o f T y l e n c h o r h y n c h u s b r a s s i c a e and on g r o w t h of t o m a t o , e g g p l a n t , 
c a b b a g e and c a u l i f l o w e r . * 
Crops 
I n o c u l a t i o n 
w i t h t h e 
nematode 
Weight (g ) 
Shoo t Root T o t a l * * 
F i n a l 
p o p u l a t i o n Pi 
Cabbage a l o n e 
Cabbage a l o n e 
U n i n o c u l a t e d 
I n o c u l a t e d 
3 1 . 0 0 
21.00 
7 . 3 3 
4 . 1 7 
3 8 . 3 3 
2 5 . 5 0 
( 3 3 . 4 7 ) 
2316 2 . 3 1 
Cabbage+Marqosa I n o c u l a t e d 2 7 . 0 0 5 . 0 0 3 2 .0 0 
( 1 6 . 5 1 ) 
1150 1 .15 
C a b b a g e + P e r s i a n 
l i l a c I n o c u l a t e d 
C . D . ( P = 0 . 0 5 ) 
C . D . ( P = 0 . 0 1 ) 
24.00 6 . 5 0 3 0 . 5 0 







C a u l i f l o w e r a l o n e 
C a u l i f l o w e r a l o n e 
U n i n o c u l a t e d 
I n o c u l a t e d 
C a u l i f l o w e r + M a r g o s a I n o c u l a t e d 
C a u l i f l o w e r + P e r s i a n 
l i l a c I n o c u l a t e d 
C .D. (P=Q.05) 
C . D . ( P = 0 . 0 1 ) 
5 1 . 1 6 
2 7 . 0 0 
3 3 . 0 0 
3 1 . 0 0 
11 .66 
7 . 0 0 
8.00 
7 . 0 0 
6 2 . 8 2 
3 4 .0 0 
( 4 5 . 8 8 ) 
4 1 . 0 0 
( 3 7 . 7 4 ) 
3 8 .0 0 






6 5 . 8 7 8 
9 7 . 3 0 1 
2.60 
0 . 8 3 
0 . 8 5 
*Data a r e means o f t h r e e r e p l i c a t e s . 
** Va lues f o r p e r c e n t r e d u c t i o n in p l a n t w e i g h t o v e r u n i n o c u l a t e d c o n t r o l a r e g i v e n i n 
p a r e n t h e s e s . 
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Effect of root-exudates of Neem and Persian lilac on plant parasitic nematodes 
By M . A. SiDDiQui and M . M . ALAM 
W i t h 2 tables 
A b s t r a c t 
Root-exudates of Neem/Margosa and Bakain/Perslan lilac 
brought about considerable mortality of Hoplolaimus mdicus, 
Helicotylenchus inciicus, Tylenchus filiformis, Tylenchorhynchus 
hrasskac, Rotylcnchulus reniformts and Meloidogyne incognita, 
however, to varying extent. The root-exudate of Neem was 
more toxic to nematodes than that of Bakain. The root-exudates 
also mhibited larval hatch of M. incognita. 
1 I n t r o d u c t i o n 
Recen t ly m u c h interes t has been genera ted in the 
u t i h z a t i o n of N e e m / M a r g o s a {Azadirachta indtca 
A . J u s s . ) and its p r o d u c t s in n e m a t o d e con t ro l . Soil 
a m e n d m e n t w i th N e e m cake and p lan t par t s has s h o w n 
m u c h p r o m i s e in ach iev ing this goal (MULLER and 
GOOCH, 1982). Also , i n t e r cu l t u r e of N e e m has sig-
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nifiantly reduced plant parasitic nematodes (ALAM et a!., 
1977; S I D D I Q U I and SAXENA, 1987 a, b). It may be poss-
ible that the root exudate of Neem has some role in the 
suppression of nematode populat ion build-up. This 
aspect has been undertaken with respect to the root-
cxudates of Neem and a related species. Bakain/Persian 
hlac {Mcha dzcdarach L.). 
2 Mater ia ls and Methods 
Root-exudates were obtained by dippin 
10 plants (4-week-old) 
the root systems of 
50 mi distilled water contained in a 
:ted after 5 days and the 
and were designated as 
S/10 and S/100 were also 
, appropriate amounts of 
conical flask. The exudates were coll 
volume of water made up to 50 ml 
standard (S). Several dilution.s vi/., S/: 
prepared from the standard bv addin 
distilled water. 
Mortality of the test nematodes viz., Meloidogync incognita 
(Kofoid & White) Chitwood (2nd sta^e juveniles), Rotylcn-
ihulus rcmforrnn Linford &; Oliveira (larvae, males and imma-
ture females), Tylcnchorhynchus brassuae Siddiqui (larvae, 
males and females), Hoplolaimus mdiais Sher (larvae, males and 
females), Hdiocotylenchus indiais Siddiqui (larvae and females) 
and Tylcnchus filiforrms Butschli (larvae, males and females) in 
dillerent dilutions of root-exudates was determined .according 
to the procedure described by AL.'.M (1983) by transferring 100 
:imens of each to 40 mm diani. Petri dishes containing 5 ml 
distilled wat 
a 
Ix-rs of immobile and mobile n 
24 and 48 h and the mean pe 
solution of root-exudates. Mortality n 













sized and fi 
diameter P 
if the root 
including 
veniles w 
was a^  
s to wat 
•ffect oi 
•shly picked 
'etri dishes co 
xudates. There 
istilled water c 




for 1 h 
larval 
served as 
ch dilution. The num-
were counted after 12, 
rtality calculated. The 
bv transferring the 
juvenile hatching 
[tch of M. incogrntd, 
•ggmasses were transferred 
itaining 10 ml of different 
were six replicates for each 
introl. The total number ot 
5 days and percent inhlbi-
ntrol was calculated. 
Table 1. Effect of root-exudate of Margosa on the mortality of 
plant parasitic nematodes in vitro (Mean of 6 replicates. N o 






% mortality in 
different dilutions 
of the root-exudate 
Regression 
(H) S S/2 S/IQ S/100 
Hoplolaimus 12 47 23 10 0 Y = 15.90+11.66 ( X - 2 ) 
indicus 24 55 33 25 5 Y = 19.12 +13.70(X-2) 
48 80 69 56 28 Y = 46.35 + 20.13(X-2) 
Helicotylenchus 12 65 44 39 17 Y = 32.98+ 15.74 ( X - 2 ) 
indtcus 24 69 53 40 21 Y = 36.50+16.95 ( X - 2 ) 
48 100 73 57 27 Y = 51.26 + 24.68 ( X - 2 ) 
Tylenchus 12 60 57 30 18 Y = 32.90+ 15.90 ( X - 2 ) 
fihfornns 24 71 63 36 24 Y = ^  38.74+ 17.99 ( X - 2 ) 
48 79 68 44 31 Y = 44.54+ 19.33 (X -2 ) 
Tylenchor-
hynchus 12 73 53 40 25 Y = 08 .10+17.30(X -2 ) 
hrassiCM 24 83 59 41 33 Y = ^ 43.41 + 19.23 ( X - 2 ) 
48 92 73 48 36 Y = ^ 49.50+ 22.00 ( X - 2 ) 
Rotylenchulus 12 69 51 29 16 Y = 0 3 . 0 2 + 17.23 ( X - 2 ) 
reniformis 24 73 62 36 25 Y = 09.18+18.37 (X -2 ) 
48 100 79 54 33 Y = = 53.12+ 24.55 ( X - 2 ) 
Mcloidogyne 12 17 5 0 0 Y = • 4.39+ 3.86 ( X - 2 ) 
incognita 24 36 19 11 4 Y = = 13.88+ 8.60(X-2) 
48 62 29 20 9 Y = = 24.08+14.44 ( X - 2 ) 
3 Results and Discussion 
Root-exudates of Margosa and Persian lll,\c brought 
about considerable mortali ty of the test nematodes, how-
ever, to varying extent. The root-exudate of Mavgosa was 
lound more toxic than that of Persian lilac. There was a 
linear relationship between the concentration of the roo t -
exudates and the percent mortali ty of the test nematodes. 
Among different nematodes, Al. incognita was found 
comparatively less susceptible to the root-exudates of 
both the plants (tables 1, 2). 
The toxicity of the root-exudate of Margosa was found 
regularly decreasing with an increase in the dilution 
(table I). The root-exudate of Margosa was found most 
toxic to R. rcnifomiis and Hel. indtcus by bringing about 
100';';> killing within 48 b in S cone. It was followed by 
T. brassuae (92%), Hop. indtcus (80%), T.filiformis 
(79 %) and M. incognita juveniles (62 7o)- I " S/2 conc. the 
mortality was more than 50 7,, in all the cases except that 
ot Ai. incognita, where only 29 °/> juveniles were killed 
alter 48 h of exposure. In S/IO conc. the mortali ty ranged 
between 2 0 - 5 7 . i f t e r 48 h of exposure. S/100 conc. 
was found least effective (table I). 
Similarly, the root-exudate of Persian lilac was most 
toxic to Hel. indicus where 100% nematodes were killed 
in S conc. within 48 h of exposure period. It was followed 
by R. reniformis (91 %), Hop. indices (84 %), T. brassicae 
( 8 3 % ) , T.filiformis ( 6 0 % ) and M. incognita ( 40%) . In 
S/2 concentrat ion Hel. indicus showed 60 % mortali ty 
after 48 h of exposure. It is followed by 58 % in T. bras-
sicae and 57 % in R. reniformis. In the remaining 
nematodes it ranged between 22 — 4 6 % . In S/IO conc. 
the mortali ty ranged between 16 — 4 5 % after 48 h of 
exposure. The S/lOO conc. was found least effective as 
not much nematode mortali ty was observed within 12 h 
and even after 48 h of exposure period the maximum 
mortali ty was 23 % only (table 2). 
The root-exudates of both the plants were also found 
inhibitory to the larval hatch of M. incognita, highest 
inhibition being in S conc. The inhibition in larval batch 
was found directly propor t ional to the conc. of root -
exudates. Inhibi t ion in larval hatch of M. incognita in S, 
S/2, S/10 and S/100 conc. of the root-exudates of N e e m 
over distilled water control was 85, 83, 71 and 43 % , 
respectively. T h e corresponding figures for Bakain were 
84, 82, 70 and 44 %. 
T h e toxic effect of root-exudates of Margosa and 
Persian lilac may be due to certain toxic principles in the 
root-exudates. Many active principles like azadirachtin, 
nimbidine and th ionemone f rom Margosa have been 
reported active nematicidal and nematostatic c o m p o u n d s 
(KHAN et al., 1974; SIDDIQUI and ALAM, 1988). Besides 
this, N e e m is known to contain over 34 bitter principles 
(RAO and PARMAR, 1984), the effects of which, however, 
need fur ther investigation. 
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% mortality in 
different dilutions 
of the root-exudate 
Regression 
(h) 8 S '2 S ' lO s n o o 
Hdploliiimus 12 22 10 Q 0 Y = 6 . 3 0 + 5 .30(X-2) 
indicus 24 44 33 15 9 Y = 2 0 . 3 8 - H 1.31 (X-2) 
48 84 36 20 10 Y = 29 .94+ 19.39 (X-2) 
Helicotylcfichus 12 44 17 10 0 Y = 14.13 + 1 0 . 4 6 ( X - 2 ) 
mdicHi 24 61 40 30 5 Y = 27 ,24+ 15.74 (X-2) 
48 100 60 33 14 Y = 41.54 + 24.56 (X-2) 
Tyknchio 12 44 23 17 5 Y = 17.88+ 10.65 (X-2) 
filtfornus 24 50 36 25 10 Y = 24.26 + 12.63 (X-2) 
48 60 46 33 11 Y = 30.10 + 15 .46(X-2) 
Jylenchor-
hyfichu:> 12 50 25 16 0 Y = 18.16 + 12.56(X-2) 
hras>icac 24 74 39 19 10 Y = 2 8 . 1 0 + 1 7 . 5 5 (X-2) 
48 83 5S 30 16 Y = 37 ,38+ 20.89 (X-2) 
Rotylcnchiiiui 12 40 24 (0 0 Y = 14.70+ 10.35 (X-2) 
reuiformb 24 61 26 25 20 Y = 24 .36+ 12.83 (X-2) 
48 91 57 45 23 Y = 43.36 + 21,60 (X-2) 
12 10 0 0 0 Y = 2.00 + 2 .00 (X-2 ) 
24 33 14 11 0 Y = 11.68+ S ,06(X-2) 
48 40 21 16 6 Y = 16.56+ 9 .57(X-2) 
Z u s a m m e n f a s s u n g 
Z u r W i r k u n g v o n W u r z e l a u s z i i g e n v o n N e e m u n d 
P e r s i s c h c m Fl ieder auf p f l a n z e n p a r a s i t i s c h e N e m a -
t o d e n 
Die Anwendun^ von Wurzelausziigen von Neem/Margosa 
und Bakain/Persischer Flieder bewirkte eine betrachtliche Mor-
talitat bei den pflanzenpar.isitaren Nematoden Hoplolaimns 
nhlicii>. Hehcutvlcfichns nithati, I'ylt'nchu:^ filifomns, Tylen-
chorhyyichiii hrd^sicac, Rolylcnchitlns rcuijormis und Melotdo-
gyne incognita, jedoch in unterschiedlichem Ausmals. Dcr Wur-
zelauszug von Neem zeigte mehr Toxizitat auf die Nematoden 
als der Auszug von Bakain. Die Wurzelausziige hemmten auch 
das Schlupfen der Larven bei Af. incogniia. 
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Control of Phytonematodes by Mix-culture of Tagetes lucida 
M A N S O O R A . S I D D I Q U I a n d M . M A S H K O O R A L A M , D e p a r t m e n t of B o t a n y , 
A l i g a r h M u s l i m U n i v e r s i t y , A l i g a r h - 2 0 0 0 0 2 , I n d i a . 
ABSTRACT 
The mix-culture of marigold, Tagetes lucida inhibited the root-knot development caused by Meloidogynt u k o -
gnila on tomato and eggplant and reduced the populations of Rolylmchulus reni/ormii and Tyleruhmhynchus brassicae 
on tomato, eggplant, cabbage and cauliflower. The growth of all the testplants was improved due tomarigold. 
The root-exudates of T. lucida were also found to have nematicidal property. 
I n I n d i a m a r i g o l d s {Tagetes s pp . ) a r e m a i n l y g r o w n f o r flower, f o r use in r e l i g i o u s 
c c r c m o n i e s . I t is a c o m m o n e x p e r i e n c e of f a r m e r s h e r e t h a t c r o p s t a n d s a r e b e t t e r w h e n 
g r o w n a l o n g w i t h m a r i g o l d s , h o w e v e r , w i t h o u t e x a c t l y k n o w i n g i ts s i g n i f i c a n c e a n d m o r e 
so w i t h r e s p e c t to n e m a t o d e s . T h e sc ien t i f i c e x p l a n a t i o n w a s g iven b y m a n y w o r k e r s 
w l i e u t h e y n o t i c e d r e d u c t i o n i n p o p u l a t i o n of p l a n t p a r a s i t i c n e m a t o d e s b y p l a n t i n g 
s o m e Tagetes spec ies s u c h as T . erecta, T. minuta a n d T . patula a l o n g w i t h s u s c e p t i b l e c r o p s 
( 3 - 7 ) . B u t n o such i n f o r m a t i o n is a v a i l a b l e v i s - a - v i s T. lucida. H e n c e , t h e p r e s e n t i n v e s t i -
g a t i o n s w e r e u n d e r t a k e n . 
MATERIALS AND METHODS 
T h r e e - v v e e k - o l d s e e d l i n g s o f t o m a t o {Lycopersicon lycopersicum ( L . ) K a r s t e n ) cv . P u s a 
R u b y , e g g p l a n t [Solanum melongena L . ) cv . P u s a P u r p l e L o n g , c a b b a g e {Brassica olera^ea 
capitata L . ) cv . P r i d e of I n d i a a n d c a u l i f l o w e r {B. oleracea botrytis L . ) c v . M a g h i r a i s e d in 
s t e r i l i z e d soil , w e r e t r a n s p l a n t e d to t h e c e n t r e of 15 c m c l a y p o t s c o n t a i n i n g a u t o c l a v e d 
soil , w h i l e five s e e d l i n g s of m a r i g o l d {Tagets lucida C a v . ) of t h e s a m e a g e w e r e t r a n s p l a n t e d 
in t h e p e r i p h e r y of t l i e p o t s as p e r s c h e d u l e g i v e n in t h e t a b l e s 1 - 3 . T h e s eed l ings i n t h e 
c e n t r e w e r e a l so i n o c u l a t e d w i t h e i t h e r of t h e t h r e e t e s t n e m a t o d e s , v i z . , t h e r o o t - k n o t 
n e m a t o d e , Meloidogyne incognita ( K o f o i d & W h i t e ) C h i t w o o d , t h e r e n i f o r m n e m a t o d e , 
Rolylenchxlus renifonnis L i n f o r d & O l i v e i r a a n d t l i e s t u n t n e m a t o d e , Tylenckorhynchus brassi-
cae S i d d i q i a t 1000 n e m a t o d e s / p o t . U n i n o c u l a t e d p l a n t s s e r v e d as c o n t r o l . T h e r e w e r e 
t h r e e r e p l i c a t e s fo r e a c h se t . T h e e x p e r i m e n t w a s t e r m i n a t e d 2 m o n t h s a f t e r i n o c u l a t i o n 
a n d p l a n t g r o w t h a n d r o o t - k n o t i n d e x ( o n 0 - 4 sca le ) w e r e d e t e r m i n e d . T h e soil p o p u l a -
t i o n o f n e m a t o d e s w a s d e t e r m i n e d b y u s i n g C o b b ' s s i ev ing a n d d e c a n t i n g m e t h o d a l o n g -
\vitii m o d i f i e d B a e r m a n n f u n n e l t e c h n i q u e ( 8 ) . 
F o r g e t t i n g r o o t - e x u d a t e s t e n s e e d l i n g s o f T. lucida o f t h e s a m e a g e w e r e p l a c e d in 
E r l e n m e y c r f lasks c o n t a i n i n g 5 0 m l d i s t i l l e d w a t e r . T h e e x u d a t e w a s co l l e c t ed a f t e r 5 
d a y s a n d t h e v o l u m e m a d e to 5 0 m l b y a d d i n g r e q u i r e d a m o u n t of d i s t i l l e d w a t e r . T h i s 
c .Kudate w a s t e r m e d as s t a n d a r d ( S ) . S e v e r a l d i l u t i o n s , v i z . S / 2 , S / l O a n d S / 1 0 0 w e r e a l so 
p r e p a r e d f r o m t h e s t a n d a r d s o l u t i o n . 
. M o r t a l i t y of t l i e t es t n e m a t o d e s in d i f f e r e n t d i l u t i o n s o f r o o t - e x u d a t e s w a s d e t e r m i n e d 
f o l l o w i n g t h e m e t h o d of A l a m ( I ) b y t r a n s f e r r i n g 2 n d s t a g e j u v e n i l e s of M . incognita a n d 
d i f T e r e n t f r e e s t a g e s (of soil p h a s e ) oi R. reniformis a n d 7", brassicae t o 4 0 m m p e t r i p l a t e s 
Acccptcd for Publication October 21, 1986. 
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c o n t a i n i n g 10 m l of d i f f e r e n t d i l u t i o n s o f t i . c r o o t - c x u d a t c s . Pc t r id i . shcs conta in ing" d i s t i -
l l ed w a t e r o n l y s e r v e d as c o n t r o l . T i i c r c w e r e t lxree r c p l i c a t e s f o r c a c h t r e a t m e n t i n r l n d i t i g 
t h e c o n t r o l . T h e n u m b e r of d e a d a n d siii v i v i n g n e m a t o d e s w e r e c o u n t c d a f t e r 12, 2 4 
a n d 4 8 k r a n d t h e m e a n p e r c e n t m o r t a l i t y c a l c u l a t e d . Tli.e d e a t h of th.c n e m a t o d e s M as 
a s c e r t a i n e d a f t e r t r a n s f e r r i n g t h e m t o w a t e r f o r 1 h r . 
F o r h a t c h i n g e . x p e r i m e n t , 5 a v e r a g e - s i z e d a n d f r e s h l y p i c k e d e g g m a s s e s o[ Me/oido-
gyne incognita w e r e t r a n s f e r r e d to 40 m m p e t r i d i s h c s c o n t a i n i n g 10 ml of d i f f e r e n t d i l u t i o n s 
of t h e r o o t - e x u d a t e s . P e t r i d i s h c s c o n t a i n i n g d i s t i l l e d w a t e r on ly s e r v e d as c o n t r o l . 
E a c h t r e a t m e n t i n c l u d i n g t h e c o n t r o l w a s r e p l i c a t e d t h r e e t i m e s . ' D i e t o t a l n u m b e r of 
h a t c h e d j u v e n i l e s w a s c o u n t e d a f t e r 5 d a y s a n d p e r c e n t i n h i b i t i o i ; in t h e j u v e n i l e h a t -
c h i n g o v e r c o n t r o l w a s c a l c u l a t e d . 
RESULTS 
I t is c l e a r f r o m t h e r e s u l t s p r e s e n t e d in t a b l e s 1 - 3 t h a t a l l t h e tes t n e m a t o d e s m u l t i -
p l i e d f r e e l y o n d i f f e r e n t p l a n t s t h e r e b y s h o w i n g t h e i r h i g h s u s c e p t i b i l i t y . W l i e n t h e s e 
c r o p s w e r e g r o w n a l o n g w i t h t a g e t e s t l i e n e m a t o d e m u l t i p l i c a t i o n w a s s i g n i f i c a n t l y r e t a r -
d e d . T h e r o o t - k n o t i n d i c e s on t o m a t o a n d e g g p l a n t w e r e 1 .50 a n d 1.31 w h e n t a g e t e s 
w a s a l s o g r o w n a l o n g w i t h t h e s e p l a n t s a s c o m p a r e d to 4 . 0 0 w i t h o u t t a g e t e s ( T a b i c 1 ; . 
Table 1. Effect of interculture of Tagetes lucida on root-knot deve lopment caused by Meloidogyne 
incognita and plant growth of tomato cv. Pusa Ruby and eggplant cv. Pusa Purple Long 









Tomato alone Uninoculated 27.16 11.17 38.33 — 
Tomato alone Inoculated 11.16 7.50 18.66 4.00 
(51.32) 
Tomato and Inoculated 19.50 9.16 28.66 1.50 
Tagetes (25.23) 
C.D. (P = 0.05) 3.66 0.48 
C.D. (p=o.on 4.56 0.74 
Eggplant alone Uninoculatcd 26.00 10.00 36.00 — 
Eggplant alone Inoculaiod 8.50 3.50 12.00 4.00 
(66.67) 
Eggplant and Inoculated 19.33 6.17 25.50 1.31 
Tagetes (29.16) 
C D . (P = 0.05) 2.27 0.16 
an. (p=o.oi) 2.54 
Initial inoculam level = 1000 nematodes per pol. 
Values foe pctccnt reduction in plant weight over uiiinocula ted control arc given in parenthesa. 
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I n case ol Rolylencbjilus retiiformis t h e r e p r o d u c t i o n f a c t o r w a s 2 . 1 3 a n d 1.8&, r e s p e c t i v e l y , 
o n t o m a t o a n d e g g p l a n t w h e n g r o v m a l o n e . H o w e v e r , in t h e p r e s e n c e o f t a g e t e s i t w-as 
r e d u c c d to 0 . 7 9 a n d 0 .75 , r e s p e c t i v e l y , a s c o m p a r e d t o 0 .20 in t h e c o n t r o l p o t s h a v i n g 
t a g e t e s a l o n e ( T a b l e 2 ) . T l i e r e p r o d u c t i o n f a c t o r of TyUnckorhynchus brassicae w a s 2 . 4 0 o n 
Table T.. E^ect of intercultare of Tagetes lacida on the population of Rotylencholos renlformls 













Tomato alone UniaociJated 27.16 11.17 38.33 — — 
Totuato alone Inoculated 9.50 6.83 16.33 
(57.40) 
2133 2.13 
Tomato and Tagetc": Inoculated 17.00 8.50 25.50 
(33.48) 
793 0.79 









Eggplant alone Uninoculated 26.00 10.00 36.00 - - — 
Eggplant alone [ncculated 11.00 9.83 20.83 
(42.14) 
1883 1.88 
Eggplant and Tagetes Inoculated 20.50 7.40 27.90 
(22.50) 
750 0.75 
Tagetes alone Inoculated 








Inoculum level ( l ' i )=1000 nematode per pot. 
R = Reproduction factor, Pf=FinaI population, Pi = Initial population. 
Values for per cent reduction in plant weight over uninoculated control arc given in parentheses. 
t o m a t o , 2 . 1 8 o n e g g p l a n t , 1 .92 on c a b b a g e a n d 1 .60 o n c a u l i f l o w e r . I t w a s r e d u c c d t o 
0 . 8 2 , 0 . 7 3 , 1 .30 a n d 0 . 9 0 o n t h e s e c r o p s , r e s p e c t i v e l y i n t h e p r e s e n c e of t a g e t e s . I n c a s e 
of t a g e t e s a l o n e t l ie r e p r o d u c t i o n f a c t o r w a s o n l y 0 . 4 2 ( T a b l e 3 ) . 
As a c o n s e q u e n c e of r e d u c t i o n in n e m a t o d e m u l t i p l i c a t i o n t h e p l a n t g r o w t h in a l l 
t h e ca ses w a s i n v a r i a b l y e n h a n c e d s i g n i f i c a n t l y ( T a b l e s 1 - 3 ) . 
T h e r o o t - e x u d a t e s b r o u g h t a b o u t m o r t a l i t y o f t e s t n e m a t o d e s , t o v a r y i n g e x t e n t 
( T a b i c 4 ) . RotyUnchulus r'niformis s h o w e d t h e g r e a t e s t s u s c e p t i b i l i t y t o t h e r o o t - e x u d a t e s 
f o l l o w e d b y Tylenchorhynchus brassicae a n d t h e n Meloidogytu incognita. T h e m o r u l i t y of 
d i f f e r e n t n e m a t o d e s i n c r e a s e d \s-ith a n i n c r e a s e i n t h e c o n c . o f r o o t - e x u d a t e s a n d t h e d u r a -
t i o n of e x p o s u r e ( T a b l e 4 ) . T l i e j u v e n i l e h a t c h i n g o f Af . incognita w a s a l s o i n h i b i t e d b y 
d i f f e r e n t c o n c e n t r a t i o n s o f r o o t - e x u d a t e s h i g h e s t b e i n g i n s t a n d a r d s o l u t i o n ( T a b l e 5 ) . 
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Table 3. Effect of intercoltnre of Tagetes lacida on the popalatioa of Tylenchorhyncfcna brRs-
•icae and plant growth of tomato cv. Posa Raby, eggplant cv< Pusa punkle Locg, cabbage cv. 








Pi Shoot Root Total 
Tomato alone Uninoculated 27.16 11.17 38.33 _ 
Tomato alone Inoculated 10.16 5.50 15.66 
(59.15) 
2400 2.40 
Tomato and Tagetes Inoculated 19.50 6.50 26.00 
(32.17) 
816 0.82 









Eggplant alone Uninoculated 26.00 10.00 36.00 — — 
Eggplant alone Inoculated 11.00 5.50 16.50 
(54.17) 
2176 2.18 
Eggplant and Tagetes Inoculated 16.33 7.50 23.83 
(33 .8n 
726 0.73 









Cabbage alone Uninoculated 31.00 7.33 38.33 — — 
Cabbage alone Inoculated 21.00 4.17 25.17 
(34.33) 
1916 1.92 
Cabbage and Tagctos Inoculated 23.00 6.00 29.00 
(24.34) 
1300 1.30 
Tagetes alone Inoculated 
a n . ( P - 0 . 0 5 ) 







Cauliflower alone Uninoculated 51.16 11.66 62.83 — — 
Cauliflower alone Inoculated 27.00 7.00 34.00 
(45.89) 
1600 1.60 
Cauliflower and Tagetes Inoculated 35.00 8.00 43.00 
(31.56) 
900 0.90 









Inoculum Icvd (K)— 1000 nematode per pot. 
R=«Rcproduction factor, Pf-Final population. Pi = Initial population. 
Values for per cent roductioo in plant vrdgbt over uninoculated control are given in parcnthetes. 
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Table 4. MortaUty ol plant para,idc nematoa . s in raot-^xndatce of 
(Mean of 3 « p U c a t « . No mortaUty o c c u « « l vath dl»tUI«d water) 
Exposure Per cent mortality in different conccntratiom 
Regression equations 
;*riod 
[hr) S S/2 S/10 S/100 
Meloidogyiv ineogniia 
12 27.50 18.50 10.50 0.00 Y = l l . 3 0 + 7.35 (X-2.00) 
24 45.60 25.00 15.50 0.00 Y = 17.22+ 11.62 (X-2.00) 
48 55.50 35.10 25.00 7.70 Y = 22 .66+ 13.84 (X-2.00) 
RoiyUncliulus renijormh 
12 65.00 15.00 0.00 0.00 Y = 16.00+ 14.70 (X-2.00) 
24 70.00 20.00 10.60 0.00 Y = 2 0 . 1 2 + 1 6 . 0 2 (X-2.00) 
48 04.50 55.50 24.50 4.00 Y=33 .90 + 22.05 (X-2.00) 
Tytenchorhj/nchus brassiau 
12 40.00 25.30 6.00 0.00 Y = 14.26+ 10.53 (X-2.00) 
24 55.00 40.50 15.60 5.50 Y = 2 3 . 3 2 + H . 5 0 (X-2.00) 
48 73.33 54.00 21.00 7.00 Y = 31 .06+19.36 (X-2.00) 
Table 5. Larval hatching of Meloidogyae incogmta in root-ezadates of mari-
gold, Tagets luclda (Mean of 3 replicates) 
Pcrccnt inhibition in lar\'al hatching over control in different concentrations (within 5 days) 
S S/2 S/10 S/100 
80.56 74.45 54.45 17.78 
DISCUSSION 
TageUs lucida i n h i b i t e d t l ic m u l t i p l i c a t i o n of M . incognita, R. renifomis a n d T. brassicae 
m a l l t h e s u s c e p t i b l e p l a n t s t e s t e d a n d i m p r o v e d t h e p l a n t g r o w t h . T h e s e r e s u l t s a r e 
in a c c o r d a n c e w i t h t h o s e r e p o r t e d e a r l i e r b y m a n y w o r k e r s ( 3 - 7 ) . 
W a l l a c e (12) ! ias s u g g e s t e d t h a t t h e c f f e c t of t a g e t e s m a n i f e s t s i n t h e so i l , a p p a r e n t l y 
b y r e l e a s e of t l ie n e m a t i c i d r . I c h c m i c a l s f r o m t h e roo t s . H i s t h e o r y h a s b e e n s u b s t a n t i a t e d 
b y t h e p r e s e n t findings s l i owing t l ic to .xic i ty of t h e r o o t - e x u d a t e s t o M. incognita, R. reni-
formis a n d T. brassicae a n d i ts i n h i b i t o r y efTect o n e g g h a t c h o f M . incognita. O u r r e s u l t s 
c o n f i r m a n d e x t e n d t i i e f i n d i n g s of A l a m el al. (2) w h o r e p o r t e d t h e n e m a t o x i d t j ' o f r o o t -
c . v j d a t c s o f r . trecia a n d t h o s e of S tesse l & S a k k i n e n (9) w h o f o u n d s t r o n g n e m a t i c i d a l 
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a c t i o n o f r o o t s a p of T. lucida a g a i n s t Panagrcllus ndivivus. U h l c n b r o c k & Bi j l oo ( 1 0 - 1 
h a v e i s o l a t e d f r o m r o o t s of TageUs nana a n d T . trtcla plena t w o t h i o p h e n i c c o m p o i u i 
v i z . , a - t e r t h i c n y l a n d 5 - ( - 3 - b u t e n - l - y n y l ) - 2 , 2 ' - b i t h i e n y l . B o t h chx.micals v / t r c vc 
t o x i c i n a n in vitro b i o a s s a y a g a i n s t s e v e r a l spec ics o f n e m a t o d e s . T h e r o l e of t h e s e c h c m i c 
or s o m e o t h e r p r i n c i p l e s c a n n o t b e r u l e d o u t i n t h e p r e s e n t c a s e w i t h r e s p e c t t o I h c ncn 
t o x i c i t y o f t h e r o o t e x u d a t e s a n d t h e a d v e r s e e f f ec t of T . lucida o n n e m a u x l e m u U i p l i c a t i c 
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C O N T R O I . O F P L A N T P A R A S I T I C N E M A T O D I i S P.Y lACUilliS lliNril-OI.lA 
M a n s o o r A. S inn iQUi a n d AL. MASHKOOU Ai AM 
S^cpanmi'tn of Botany, Aligarh Muslim L'miwnily, Aln'arli^y)yi(l2, lnd)ii 
'I'ai^cies crecia L . , T. minuta L . and T. patula L . are 
known for n c m a t o t o x i c p roper t i e s (Oos tcnbr ink , I 9 6 0 ; 
D a u l t o n & C u r t i s , 1963; Wal lace , 1963; H a c k n e y & 
Dickcrson , 1975; A l a m , M a s o o d & Husa in , 1975). 
i n t c r cu l tu r c of vegetables with Tagetes erecia has been 
f o u n d ef fcc t i \ ' e in r e d u c i n g n e m a t o d e popu la t ion (Alam, 
Saxcna & K h a n , 1977). Tageies lenuifoliaCav. is a n o t h e r 
species which is widely g r o w n as o r n e m e n t a l p lant b u t 
no th ing is k n o w n w h e t h e r this is equal ly nemalo tox ic . 
H e n c e , in the p r e s e n t inves t iga t ion an a t t emp t has b e e n 
m a d e to eva lua te T. lenuifolia as in te rcu l tu re p lant fo r 
cont ro l l ing Meloidogyne incognita, Ruiylenchulus reni-
Jormis and Tylenchorhynchus brassicae. 
M a t e r i a l s a n d m e t h o d s 
Seedl ings of t o m a t o (Lycopersicon esculentum P. Mil l . ) 
cv. Pusa R u b y , e g g p l a n t {Solanum melongena L . ) cv. 
Pusa P u r p l e long , c a b b a g e (Brassica oleracea capiiata 
L.) cv. Pr ide of Ind ia a n d caul i f lower {Brassica oleracea 
botryiis L . ) cv. M a g h i g r o w n in steril ized soil we re 
t r ansp l an t ed s ingly in t he c e n t r e of 15 c m d iam. clay p o t s 
con ta in ing 1 kg au toc l aved soil. Five, th ree-week old 
seedl ings of Tagetes tenuifolia were also t ransp lan ted at 
the s ame t ime of t r a n s p l a n t a t i o n of the host p lan ts , at 
equal d i s t ance at the p e r i p h e r y of the pots. T h e vege-
table seedl ings were t h e n inocu la ted with 1 000 speci -
m e n s of e i ther of t he th ree test n e m a t o d e s viz., Meloido-
gyne incogniia ( K o f o i d & W h i t e ) C h i t w o o d , Roiylenchu-
lus reniformis L i n f o r d & Oliveira or Tylenchorhynchus 
brassicae S idd iq i separa te ly . T h e r e were five repl icates 
in each t r e a t m e n t . U n i n o c u l a t e d p lants served as 
control . A f t e r two m o n t h s , p lan t weight and roo t -kno t 
index (on 0 - 5 scale of T a y l o r and Sasser , 1978) were 
d e t e r m i n e d . F ina l p o p u l a t i o n s of the nema todes were 
d e t e r m i n e d by u s i n g C o b b ' s s ieving and d e c a n t i n g 
m e t h o d a l o n g w i t h m o d i f i e d B a e r m a n n f u n n e l t e c h n i -
q u e (F lcgg & H o o p e r , 1970). 
R o o t - e x u d a t e of mar igo ld was ob ta ined accord ing to 
the p r o c e d u r e de sc r i bed by A l a m , M a s o o d and H u s a i n 
(1975) by d i p p i n g the root sys tems of ten seedl ings of 
the s ame age in 50 ml disti l led water conta ined in 
E r l e n m c y e r f lasks of 100 ml capaci ty . T h e exuda te was 
collected each day fo r five days a n d were stored at 
T h i s e x u d a t e t h u s o b t a i n e d was des igna ted as s t a n d a r d 
(S). S/2, S;'10 a n d S/lOO d i lu t ions were also m a d e f r o m 
the s t a n d a r d (S) by a d d i n g requ i red a m o u n t of water . 
T h e test n e m a t o d e s were t r an s f e r r ed to 10 ml of d i f f e -
rent d i lu t ions of r o o t - e x u d a t e s con ta ined in 40 m m 
d i a m e t e r pet r id ishes following the me thod of Alam 
(1985) . Similar n u m b e r of n e m a t o d e s were kep t in 
distilled water for control . T h e r e were five repl icates fur 
each t r ea tment . The n u m b e r of acti\ 'e and inaciiw-
n e m a t o d e s were c o u n t e d af ter 12, 24 and 48 hr. Tl ic 
n e m a t o d e s which did not regain mobil i ty even a f te r 
t r ans fe r to water were considered as dead . T h e per cem 
mor ta l i ty was ca lcula ted over con t ro l s . 
F o r ha tch ing expe r imen t , five average sized, heal thy 
a n d freshly picked eggmasses were t rans le r red to the 
Petr id ishes (40 m m diam.) c o n t a i n i n g 10 ml of d i f f e r e tn 
d i lu t ions of the roo t -exudates . There were five replicates 
fo r each t r e a tmen t . T h e total n u m b e r of ha t ched ju\ -
eniles was c o u n t e d a f te r five days. H a t c h i n g in water 
served as cont ro l . 
R e s u l t s a n d d i s c u s s i o n 
In t e rcu l tu re of T. tenuifolia w i t h tomato , eggp lan t , 
c a b b a g e and caul i f iower r educed t h e roo t -kno t devel-
o p m e n t and popu l a t i on of the r o o t - k n o t n e m a t o d e , the 
r e n i f o r m n e m a t o d e a n d the s tun t n e m a t o d e . In add i t ion 
to this , the g rowth of the plants a lso improved a n d was 
m o r e or less equa l to heal thy ones (Figs 1 & 2). 
Q P t o n t w e i g h t ? o o t - k r , o t I n d e x 
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Fig, 1. Effect of intcrculturc of Tagetes tenuifolia on .-^vn-krii'; 
development caused by Meloidogyne incognita and plan: 
grosvth of tomato and egg-plant (a = v^ithout Tageies, uni-
noculated; b = without Tageies, inoculated; c = with Tageta. 
inoculated). 
T h e roo t - exuda te of 7" tenuifolia was f o u n d most 
toxic to R. reni/or?nis fo l lowed by T. brassicae &nd M. in-
cognita (Fig. 3). T h e inhibi t ion in juveni le ha t ch ing f rom 
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Fig. 2. Effcct of iniercuUurc of Tagctes lenuifoUa on the 
population of Rotylenchulus renifoniiis and TyUnchorhynchus 
brassicae and plant growth of their hosts (a = uithout Tageics, 
uninoculated; b = without Tageres, inoculated; c = with 
Tageles, inoculated; d = Tageies alone, inoculated). 
e g g m a s s e s o f incognita e x p o s e d t o t h e r o o t - e x u d a t e 
f o r five d a y s w a s 8 1 . 0 5 "o at S c o n c e n t r a t i o n , 7 6 . 8 4 "o a t 
5 / 2 , 4 8 . 9 7 "o at S ' l O a n d 15.30 'n a t S /100 . 
T h e s e r e s u l t s a r e in a g r e e m e n t w i t h t hose of p r e v i o u s 
a u t h o r s ( O o s t e n b r i n k , 1960 ; D a u k o n & C u r t i s , 1 9 6 3 ; 
H a c k n e y & D i c k e r s o n , 1975 ; .Alam, S a x e n a & K h a n . 
1977) w h o r e p o r t e d n e m a t o - r o x i c p r o p e n i e s of Tagcia 
s p p . It is l ikely t ha t t h e inh ib i tor^ ' s u b s t a n c e s are l e a c h e d 
GUI f r o m r o o t s w h i c h a d \ e r s e l y a f f e c t n e m a t o d e as 
r e p o r t e d by U h l e n b r o e k a n d Bi j loo ( '195?. 1959). 
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Table 1. Infestation ollleterodera zeae on maize in and 
a round Aligarh 
Locality No. of cysts 





INFESTATION O F HETERODERA ZEAE 
ON MAIZE AROUND ALIGARH 
M A N S O O R A. S IDDIQUI and S. IC SAXENA 
Department of Botany, 
AligaHi Muslim University, 
AligaHi-202 002<U.P.). 
During the course of survey of plant parasitic 
nematodes on maize in and around Aligarh, certain maize 
fields showed unthr i f ty growth. Examination of roots 
revealed the presence of females of maize cysi nematode, 
Hcierodcra zeae Koshy, Swarup & Sethi, 1970, on the roots. 
This necessitated to make a survey of other maize fields in 
Aligarh and adjoining areas for H. zeae. 
Tlie soil samples were collected from around the 
roots of maize (Z^a mays L.) showing poor growth from 
different localioes in district Aligarh (U.P.) during August 
to December, 1986. Out of the soil collected from around 
the roots of maize plants showing poor growth, a sample of 
200 g was processed for the isolau'on of cysts of Heterodcra 
by using Fenwick Can (Shepherd, 1970). The cysts were 
counted under stereo.scopic binocular. Immamre and/or 
mature females cysts attached to root pieces were also 
collected and counted. The infestation was rated as : + = 
lightly infested, upto 10 cysts per 200 g soil; ++ = moderately 
infested, 11-100 cysts; +++ = heavily infested, above 100 
cysts (Koshy & Swarup, 1971). 
Out of the 122 samples collected from 13 different 
localities, cysts oiHeterodera were found only in 38 samples 
of 8 localities with 13 cysts/200 g soil in Quarsi as the highest 
num^r,(-(-+) followed by Buij Ki Sarai (++), Badauli (+), 
•Aligarh-
Anupshahr Road 6 10.00 
Badauli 10 25.00 
Buij Ki Sarai 12 18.18 
Aligarh Fire Station 7 25.00 
Mukandpur 8 20.00 
Quarsi 13 . 25.00 
Rorawar 3 14.28 
Saeedabad 6 11.54 
Mukandpur (+), Aligarh Fire Station (+), Saeedabad (+), 
Aligarh-Anupshahr Road (+) and Rorawar (+).The number 
of cysts, however, ranged from 2-18 per 200 g soil with a 
frequency of 6.67 to 25.00 per cent (Table I). 
The frequency of cyst has been high than those 
reported earlier by Husain et at. (1986).This indicates that 
infestation is increasing in area around Aligarh. This 
recovery of cysts per 200 g of soil is farabove the minimum 
threshold suggested for this species of Heterodera on maize 
(Srivastava & Sethi, 1984). Therefore, there is need for 
taking measures for controlling iL 
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CONTROL OF MELOIDOGYNE INCOGNITA ON TOMATO Blf 
BARE-ROOT DIP IN DIMETHOATE 
S a r t a j A. T i y a g i , Mansoor A. S idd iqu i and M. Mashkoor Alam 
Department of Botany 
Al igarh Muslim U n i v e r s i t y 
Al igarh-202001 
INDIA 
An a t t e m p t was made t o a s s e s s t h e s u i t a b i l i t y of t h e s y s t e m i c 
chemica l d i rae thoa te /Rogor a g a i n s t t h e r o o t - k n o t nematode, Meloidogyne 
i n c o g n i t a ( K o f o i d 4 Whi t e 1919) C h i t w o o d , 1949, a t t a c k i n g t o m a t o 
(Lycopers icon l y c o p e r s i c u m (L.) K a r s t e n ) . 
V a r i o u s d i l u t i o n s (0 .1 , 1, 10, ICQ, 1000 ppm a . i . ) of d i m e t h o a t e 
10 ,0 -d ime thy l 3- (N-rae thyl c a r ba moy 1 me thy D p h o s p h o r o d i t h i oa t e ) w e r e 
p r e p a r e d in d i s t i l l e d w a t e r , and t h e i r e f f e c t on t h e j u v e n i l e 
m o r t a l i t y of M. i n c o g n i t a was de te rmined f o l l o w i n g the method of Alam 
( 1 9 6 5 ) . M o r t a l i t y in d i s t i l l e d w a t e r s e r v e d as c o n t r o l . Each 
t r e a t m e n t was r e p l i c a t e d t h r e e t imes i For t h e h a t c h i n g expe r imen t , 5 
a v e r a g e - s i z e d egg masses of M. i n c o g n i t a were t r a n s f e r r e d s e p a r a t e l y 
t o 40-mm p e t r i d i s h e s c o n t a i n i n g 5 ml s o l u t i o n s of d i f f e r e n t 
c o n c e n t r a t i o n s . C o n t r o l and r e p l i c a t i o n s w e r e t h e same a s above . 
A f t e r 5 days, the t o t a l number of j u v e n i l e s were counted. 
For t h e l a r v a l p e n e t r a t i o n expe r imen t , r o o t s of 3-wk-old s e e d l i n g s 
of t o m a t o cv . ' Pusa Ruby' w e r e d i p p e d in a 10 ppm s o l u t i o n f o r 15, 30 
o r 60 m i n u t e s and t h e n washed and t r a n s f e r r e d s i n g l y t o 10-cm c l a y 
p o t s c o n t a i n i n g t h o r o u g h l y washed r i v e r s a n d . The p l a n t s were 
i n o c u l a t e d w i t h 1000 j u v e n i l e s of M. i n c o g n i t a . A f t e r 5 d a y s , t h e 
j u v e n i l e s r e m a i n i n g in t h e s o i l we re i s o l a t e d by Cobb 's s i e v i n g and 
d e c a n t i n g method ( S o u t h e y , 1970) . A n o t h e r e x p e r i m e n t was a l s o 
e s t a b l i s h e d on the same l i n e s , but au toc laved s o i l was used i n s t e a d of 
r i v e r s a n d and t h e e x p e r i m e n t was t e r m i n a t e d 2 m o n t h s a f t e r 
i n o c u l a t i o n . P l a n t growth (we igh t of s h o o t / r o o t ) and r o o t - k n o t index 
(on 0-4 s c a l e ) were de t e rmined . 
The most c o n c e n t r a t e d t r e a t m e n t (1000 ppm) b r o u g h t a b o u t lOOJ 
m o r t a l i t y even i n t h e minimum e x p o s u r e of 12 h r . More t h a n 501 
m o r t a l i t y was ach ieved by 100 ppm w i t h i n 24 hr and by 10 ppm w i t h i n 72 
hr . The m o r t a l i t y i n c r e a s e d wi th an i n c r e a s e in the c o n c e n t r a t i o n of 
t h e p e s t i c i d e and d u r a t i o n of exposure . S i m i l a r l y t h e l a r v a l h a t c h i n g 
was i n h i b i t e d by d ime thoa te . Here aga in 100 and 1000 ppm showed g rea t 
i n h i b i t o r y e f f e c t . I n h i b i t i o n in h a t c h i n g i n c r e a s e d wi th an i n c r e a s e 
in the c o n c e n t r a t i o n of t h e p e s t i c i d e . 
A r e l a t i v e l y low c o n c e n t r a t i o n of 10 ppm e f f e c t i v e l y i n h i b i t e d the 
p e n e t r a t i o n of l a r v a e and subsequen t r o o t - k n o t deve lopment , and as a 
consequence , t h e p l a n t growth was improved (Table 1), 
- 2 0 7 -
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Table 1. E f f e c t of b a r e - r o o t - d i p in d i m e t h o a t e (10 ppm) on r o o t - k n o t 
deve lopment and growth of tomato . 
Dip 
d u r a t i o n 
( m i n u t e s ) I n o c u l a t i o n 
P l a n t 
Shoot 
we igh t 
Root 
(g) 




% i n h i b i t i o n 
in l a r v a l 
p e n e t r a t i o n 
0 U n i n o c u l a t e d 26 .05 9 - 7 0 35 .75 - -
0 I n o c u l a t e d 9 .00 7 . 0 0 16.00 4. 00 -
15 I n o c u l a t e d 15.50 3 . 3 5 18.85 1.30 73 .75 
30 I n o c u l a t e d 18.00 3 . 3 5 21 .35 0 .87 78 .00 
60 I n o c u l a t e d 23. 50 5 . 2 0 28. 70 0. HI 85. 5C 
C.D. (P = 
C.D. (P = 
0 . 0 5 ) 





Data g iven r e p r e s e n t s t he mean of 3 r e p l i c a t e s . 
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TOXICITY OF AN INSECT-REPELLENT PLANT TO PLANT-PARASITIC NEMATODES 
S a r t a j A. T i y a g i , Mansoor A. S i d d i q u i , and M. Hashkoor Alam 
Depar tment of Botany 
A l i g a r h Muslim U n i v e r s i t y 
A l i g a r h 202 001 
INDIA • 
The m o r t a l i t y of some comraonly o c c u r r i n g p l a n t - p a r a s i t i c nematodes 
in v a r i o u s c o n c e n t r a t i o n s of an e x t r a c t f r om lemon g r a s s [Cymbopogon 
f l e x u o s u s (S teud) Wats) was d e t e r m i n e d f o l l o w i n g t h e method of Alam 
( 1 9 6 5 ) . A s t a n d a r d e x t r a c t (S) was made f r o m 25 g of f r e s h l e m o n 
g r a s s l e a v e s m a c e r a t e d i n a b l e n d e r a l o n g w i t h 75 ml of d i s t i l l e d 
w a t e r . Ter.- and h u n d r e d - f o l d d i l u t i o n s of t h e s t a n d a r d (S /10 , S/100) 
w e r e a l s o p r e p a r e d . D i s t i l l e d w a t e r s e r v e d a s a c o n t r o l , and each 
t r e a t " e n t was r e p l i c a t e d t h r e e t i m e s . 
The l e a f e x t r a c t was found to be h i g h l y t o x i c to a l l t h e nematodes 
t e s t e d ; Melo idogyne i n c o g n i t a (Kofoid and Whi t e , 1919) Ch i twood , igng; 
R o t y l e n c h u l ' j s r e n i f o r a i s L i n f o r d and O l i v e i r a , 1940; Ty lenchorhynchus 
b r a s s i c a e S i d d i q i , 1561; H o p l o l a i m u s i n d i c u s S h e r , 1963; and 
H e l i c o t y l e n c h u s i n d i c u s S i d d i q i , 1963. H o w e v e r , t h e e x t r a c t was 
p a r t i c u l a r l y t o x i c t o M. i n c o g n i t a . The t o x i c i t y was d i r e c t l y 
p r o p o r t i o n a l t o t h e c o n c e n t r a t i o n of t h e l e a f e x t r a c t and t o t h e 
e x p o s u r e p e r i o d (Table 1). The e x t r a c t was a l s o found t o i n h i b i t egg 
h a t c h by H. i n c o g n i t a s i g n i f i c a n t l y . The i n h i b i t i o n in t h e j u v e n i l e 
h a t c h i n g o v e r c o n t r o l was ICO, 85 , and 7 6 1 r e s p e c t i v e l y i n S, S / 1 0 
and S /100 c o n c e n t r a t i o n s . 
R e f e r e n c e 
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Table 1. E f f e c t of water e x t r a c t of lemon g r a s s l e a v e s on the 
m o r t a l i t y of p l a n t - p a r a s i t i c nematodes ^ v i t r o . 
Exposure 
p e r i o d 
J Nematode m o r t a l i t y in d i l u t i o n s of 
lemon g r a s s e x t r a c t * 
Nematode ( h r ) S S/10 s/ino 
KeloidOKyne 12 100 17 0 
i n c o g n i t a 24 100 29 14 
48 100 40 29 
72 100 65 35 
R o t y l e n c h u l u s 12 70 0 0 
r e n i f o r m i s 100 20 0 
100 30 10 
72 100 33 16 
Tylenchorhynchus 12 60 0 0 
b r a s s i c a e 67 25 10 
ta 90 40 16 
72 100 50 30 
Hoplola imus 12 50 0 0 
i n d i c u s 24 62 10 5 
48 70 20 10 
72 100 39 21 
H e l i c o t y l e n c h u s 12 20 5 0 
i n d i c u s 24 40 10 8 
48 55 11 10 
72 65 20 19 
Means of t h r e e r e p l i c a t e s ; no m o r t a l i t y o c c u r r e d in d i s t i l l e d water 
c o n t r o l . 
17 
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COMBINED INFLUENCE OF NEEM PART / PRODUCTS AND 
OR TWO NEMATICIDES AGAINST ROOT-KNOT NEMATODE, 
MELOIDOGYNE INCOGNITA ON FIELD GROWN TOMATO 
M.A. RATHER*, F. AHMAD AND M.A. SIDDIQUI 
Section of Plant Pathology and Plant Hematology, 
Department of Botany, Aligarh Muslim University 
Aligarh (U. P.) - 202002, India 
• E - m a i l : r a t h e r _ 7 0 @ r e d i f f m a i l . c o m 
Abstract 
The efficacy of neem part / products, alone and in combination with two nematicides, 
carbofuran and phorate against root-knot nematode, Meloidogyne incognita on tomato were tested 
in the field. Individually all the treatments showed maximum plant growth and minimum root-galls 
and egg-masses on roots. The highest significant improvement in plant growth characters and 
maximum reduction in galls and egg-masses on roots were recorded in plots treated with oil-cake + 
carbofuran followed by oil-cake + phorate. The chopped neem leaves alone were found least 
effective. The maximum reduction in soil population of the nematode was observed in plots treated 
with oil-cake + carbofuran. 
T h e r o o t - k n o t d i s e a s e o f v a r i o u s p l an t s c a u s e d by Meloidogyne incognita is a 
s e r i o u s p r o b l e m b e i n g e n c o u n t e r e d by la rge n u m b e r o f f a r m e r s t h r o u g h o u t the 
w o r l d ( Jo th i et al., 2 0 0 1 ; R o s a l e s & S w a r e z , 2 0 0 1 ) . T o m a t o is a n i m p o r t a n t 
c o m m e r c i a l a n d w i d e l y g r o w n v e g e t a b l e c rop in m o s t p a r t s o f t he w o r l d 
i n c l u d i n g Ind i a a n d its y i e ld loss c a u s e d by M. incognita a l o n e has b e e n a 
g r e a t e s t th rea t to t h e f a n n e r s ( H a s e e b et a!., 2006 ; S h a n m u g a P r iya & K u m a r , 
2 0 0 6 ) . A m o n g t h e n o n - c h e m i c a l m e t h o d s , b io log ica l m e t h o d s u s i n g p l an t 
e x t r a c t s s u c h a s oi l s eed c a k e s (Al i et al., 2 0 0 1 ; K h a n et al., 2 0 0 1 , 2 0 0 2 ; 
S u n d a r a r a j u , 2 0 0 5 ) and t h e c o m b i n e d i n f l u e n c e o f n e m a t i c i d e s a n d v a r i o u s 
o r g a n i c a m e n d m e n t s ( K h a n e f a i , 1998; Shauka t et al., 2 0 0 2 ; F a t e m a et al., 
2 0 0 5 ; D a s & S i n h a , 2 0 0 5 ) a r e b e i n g s u c c e s s f u l l y a p p l i e d n o w d a y s . T h e a q u e o u s 
e x t r a c t s o f f r e s h leaves, o f n e e m ( S i n g h et al., 2 0 0 1 ) a n d m a n y c o m m e r c i a l 
f o r m u l a t i o n s o f n e e m s h o w e d s i g n i f i c a n t r e d u c t i o n in e g g - h a t c h i n g and ga l l -
i n d e x o f M incognita ( S h a r m a et al., 2 0 0 0 ) . H e n c e , t h e p r e s e n t i nves t i ga t i on w a s 
c a r r i e d ou t to a s s e s s the n e m a t i c i d a l p rope r t i e s of n e e m l eaves , s e e d p o w d e r , o i l -
c a k e , c a r b o f u r a n a n d p h o r a t e a l o n e a n d in c o m b i n a t i o n s , u n d e r f i e l d c o n d i t i o n s 
a g a i n s t r o o t - k n o t n e m a t o d e M. incognita a f f e c t i n g t o m a t o cv . K - 2 5 . 
2 7 
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Materials and Methods 
The experiment was carried out in a randomized block design in a field 
infested with the root-knot nematode, Meloidogyne incognita at the Faculty of 
Agricultural Sciences, Aligarh Muslim University, Aligarh. Three replications 
were maintamed for each treatment. The field was plotted with a plot size of 4.3 
X 2.0 m for all the replications. Three weeks old healthy seedlings of tomato cv. 
K-25 raised in nematode-free autoclaved pots were collected for planting in the 
furrows followed by the application of various treatments alone and in 
combinations. The different treatments included: Chopped neem leaves @ 2 kg / 
plot, seed, seed powder @ 1 kg / plot, oil cake @ 1 kg / plot, carbofuran (10 % 
a.i.) @ 60 g / plot and phorate (3 % a.i.) @ 60 g / plot. All the concentrations 
were halved when applied together. Three untreated plots served as control. The 
different plant growth characters including plant length, plant weight, number of 
leaves, number of fruits, plant yield / kg / plot and number of galls / plant and 
number of egg-masses / plant were calculated after 90 days. The soil samples 
(250 g each) were collected from each plot and the population of the nematodes 
was estimated by Cobb's sieving and decanting technique followed by modified 
Baerman's funnel technique (Southey, 1986) after 45 and 90 days. The data was 
statistically analyzed for Critical Difference at P = 0.05 and P = 0.01 (Panse & 
Sukhatme, 1978). 
Results and Discussion 
The results indicated that all the treatments either alone or in combinations 
were effective in enhancing the plant growth characters of tomato and reducing 
the root-knot infestation caused by Meloidogyne incognita around the roots of 
tomato (Tables 1-3). 
The different plant growth characters were enhanced significantly in the plots 
which were treated with oil-cakes (1/2 kg) and carfiaran (30 g), as compared to 
untreated control. The application of other treatments either alone or in 
combination with two selected nematicides also showed similar response in 
enhancing the different growth parameters as compared to untreated control 
(Table 1). 
A combination of oil-cakes and carbofuran significantly reduced the number 
of galls (43.2) and egg-masses (18.6) per plant followed by oil-cake + phorate 
(47.2 and 20.3), seed powder + carbofuran (49.7 and 21.5), seed powder + 
phorate (53.5 and 23.2), chopped leaves + carbofuran (56.8 and 25.2), chopped 
leaves + phorate (59.3 and 25.3) and the chopped leaves when applied alone were 
least effective where the corresponding figures for the reduction in number of 
galls and egg-masses were 71.3 and 30.4, respectively (Table 2). 
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T a b l e 1. E f f e c t o f n e e m p a r t / p r o d u c t s i n d i v i d u a l l y a n d in c o m b i n a t i o n s 
w i t h d i f f e r e n t n e m a t i c i d e s o n t h e g r o w t h o f t o m a t o i n f e s t e d w i t h 
Meloidogyne incognita a f t e r 9 0 d a y s o f p l a n t i n g (p lo t s i z e = 8 .6 m^). 
Treatments Dosage / Plant Plant No. No. Yield 
Plot length wt. of of / k g / 
(cm) (g) leaves fruits / 
plant 
plot 
Chopped leaves 2 kg 36.5 25.9 102.5 47.1 2.9 
Seed powder 1 kg 44.2 30.4 114.5 54.4 3.8 
Oil-cake 1 kg 48.4 35.5 118.7 58.0 4.3 
Carbofi iran (10 % a.i.) 60 g 41.4 30.4 l l l . l 51.6 3.4 
Phorate (3 % a.i.) 60 g 39.0 27.8 106.7 50.2 3.2 
Chopped leaves + carbofuran 1 kg + 30 g 52.4 41 .3 124.0 66.1 4.9 
Chopped leaves + phorate 1 kg + 30 g 50.8 38.4 120.1 62.0 4.8 
Seed powder + carbofuran '/2 kg + 30 g 57.8 47.7 132.9 76.3 5.5 
Seed powder + Phorate '/2 kg + 30 g 55.3 45.1 127.4 71.7 5.1 
Oil-cake + Carbofuran '/2 kg + 30 g 65.4 54.3 144.2 84.4 6.5 
Oil-cake + phorate kg + 30 g 62.9 50.8 136.6 79.6 5.9 
Untreated control - 26.3 20.2 91.4 35.0 1.9 
C D . (0.05) - 2.47 1.58 3.62 3.82 0.32 
C.D. (0.01) - 3.35 2.14 4.91 5.19 0.42 
Mean of three replicates 
T a b l e 2. E f f e c t o f t r e a t m e n t s a l o n e a n d in c o m b i n a t i o n w i t h t w o d i f f e r e n t 
n e m a t i c i d e s o n d e v e l o p m e n t a n d r e p r o d u c t i o n o f Meloidogyne 
incognita o n t o m a t o a f t e r 9 0 d a y s o f p l a n t i n g (p lo t s i z e = 8 . 6 m^). 
T r e a t m e n t s Dosage / No. of % r e d . No. of egg- % r e d . 
plot galls / o v e r masses / ove r 
p l a n t c o n t r o l p l a n t con t ro l 
Chopped leaves 2 kg 71.3 24.3 30.4 28.3 
Seed powder 1 kg 68.6 27.2 28.9 31.8 
Oil-cake 1 kg 67.2 28.7 28.5 32.7 
Carbofuran (10 % a.i.) 60 g 61.2 35.0 26.3 37.9 
Phorate (3 % a.i.) 60 g 63.2 32.9 27.5 35.1 
Chopped leaves + Carbofuran 1 k g / 3 0 g 56.8 39.7 25.2 40.6 
Chopped leaves + Phorate 1 kg / 30 g 59.3 37.0 25.3 40.3 
Seed powder + Carbofuran ' / 2 k g / 3 0 g 49.7 47 .2 21.5 49.3 
Seed powder + Phorate ' / 2 k g / 3 0 g 53.5 43.2 23.2 45.3 
Oil-cake + Carbofuran ' / 2 k g / 3 0 g 43.2 54.1 18.6 56.1 
Oil-cake + Phorate ' / 2 k g / 3 0 g 47.2 49.9 20.3 52.1 
Untreated Control - 94.2 0 .0 42.4 0.0 
C.D. (0.05) - 6.76 - 1.37 -
C.D. (0.01) - 9.19 - 1.86 -
Mean of three replicates 
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The nematode population, in soil, reduced to maximum of 31.3 % (after 45 
days) and 35.8 % (after 90 days) in plots treated with oil-cake + carboftiran, 
followed by oil-cake + phorate (29.9 and 33.9 %), seed powder + carbofuran 
(27.4 and 31 %), chopped leaves + carboftiran (25.4 and 29.2 %) and chopped 
leaves + phorate (23.2 and 27.5 %) over untreated control, respectively. The 
chopped leaves of neeni were least effective depicting only 14.4 and 16.9 % 
reduction in the soil population of the nematode after 45 and 90 days of planting, 
respectively (Table 3). 
Table 3. Effect of treatments alone and in combination with two nematicides 
on soil population of Meloidogyne incognita after 45 and 90 days of 
planting (plot size = 8.6 m^). 
Treatments 45 % reduction 90 % reduction 
DAP over control DAP over control 
Chopped leaves 601.6 14.4 605.9 16.9 
Seed powder 591.1 15.9 582.2 19.8 
Oil-cake 584.8 16.8 579.7 20.6 
Carboftiran (10 % a.i.) 556.7 20.8 548.5 24.8 
Phorate (3 % a.i.) 571.9 18.6 564.7 22.6 
Chopped leaves + Carboftiran 524.4 25.4 516.6 29.2 
Chopped leaves + Phorate 540.1 23.2 529.3 27.5 
Seed powder + Carboftaran 501.6 28.6 495.5 32.1 
Seed powder + Phorate 510.4 27.4 503.2 31.0 
Oil-cake + Carbofuran 483.1 31.3 468.5 35.8 
Oil-cake + Phorate 492.8 29.9 481.9 33.9 
Untreated Control 702.9 0.0 729.7 0.0 
C D . (0.05) 3.67 - 7.42 -
C.D. (O.OI) 4.99 - 10.09 -
Mean of three replicates 
DAP = Days after planting 
The compounds present in the plant materials are either nematicidal or 
nematostatic in nature (Pandey et ai, 2000) or the end products of decomposed 
plant materials are responsible for antinemic activity. These effects may also 
have resulted from the release of phenolic compounds, NH3, nitrite, or Ca ions, 
from changes in soil pH or soil moisture, or from the type, amount, and C/N ratio 
of the organic amendment used (Brown, 1987; Mankau & Minteer, 1962; 
Walker, 1971; Stirling, 1991). The reduction in the nematode severity may also 
be caused by the microbes decomposing these specific plant materials releasing 
substances, which are nematicidal / nematostatic, or these microbes themselves 
attack phytonematodes. 
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Y a s m i n et al, ( 2 0 0 3 ) reported that t h e extracts o f d i f f e r e n t n e e m parts l ike 
n e e m s e e d s , l e a f , and bark w e r e e f f e c t i v e i n r e d u c i n g the r o o t - k n o t d e v e l o p m e n t 
c a u s e d b y Meloidogyne javanica o f s w e e t gourd. S i m i l a r r e s u l t s w e r e r e p o r t e d b y 
v a r i o u s o t h e r w o r k e r s ( B h a t t a c h a r y a & G o s w a m i , 1 9 8 7 ; G o s w a m i & M i s h f a , 
1 9 9 4 ; Chakrabort i , 2 0 0 1 ; T a r i q & S idd iqu i , 2 0 0 5 ) w h o r e p o r t e d that t h e n e e m 
p r o d u c t s a l o n e and in c o m b i n a t i o n w i t h v a r i o u s n e m a t i c i d e s b r o u g h t about 
c o n s i d e r a b l e r e d u c t i o n in n e m a t o d e i n c i d e n c e a n d e n h a n c e d t h e v a r i o u s p lant 
g r o w t h characters . T h e present s t u d y s u g g e s t e d that the e f f e c t i v e a n d rat ional 
m a n a g e m e n t o f root -knot n e m a t o d e i s v e r y m u c h f e a s i b l e i f appropr ia te 
in tegrat ion o f n e e m parts / p r o d u c t s and c h e m i c a l n e m a t i c i d e s i s m a d e . 
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ABSTRACT 
In a f ie ld s tudy , o i l -seed cakes of ca s to r , m a r g o s a / n f ^ n i . m u s t a r d , rocke t sa lad/r /«a/ i a n d 
grour .dnut /peanut and t v o nematicides , viz., ca rbofuran and aldicarb were found highly sat isfactory for the 
cont ro l of plant-parasit ic nematodes. The nematicides had a slight edge over the oil seed cakes . Compos t , on 
the o the r hand, failed to contain nematode multiplication. As a consequence of reduction in the population of 
piant-parasi t ic nematodes , the plant growth of tomato improved. 
D e e p p loughing (40 cm deep) when compared wi th normal p loughing (20 cm deep) was found l o be a 
l im i t i ng f ac to r agains t the popula t ion bui ld-up of the nematodes . T h e e f f i cacy of o i l - seed cakcs and 
nemat ic ides against nematodes was invariably enhanced when these t rea tments were c o m b i n e d with the deep 
p lough ing t reatment . Plant growth was significantly improved due to d e e p ploughing t rea tment when g iven 
a lone o r along with oil-seed cakes and nematicides. 
T h e residual e f fec t of oil-seed cakes and nemat ic ides persisted for longer durat ions, as they rernained 
e f fec t ive against plant-parasit ic nematodes in the subsequent crop even af te r a lapse of six m o n t h s . 
INTRODUCTION 
There has been a growing recognition that pesticides, though instant and sure pest 
controlling agents, must be used cautiously to avoid damage to the environment. Many of 
the pesticides are carcinogenic, and produce chronic allergies, birth defects and various 
genetic mutations. This malady has lead to an intensive search for alternative methods of 
pest control. Plant-parasitic nematodes, one of the serious pest problems to crop 
productivity, can also be checked by organic soil amendments''^. In this regard, use of oil-
seed cakes has shown considerable promise. However, these studies have been confined to 
normal agricultural practices. In the present study we have investigated their efficacy in 
two tillage regimes for getting maximum benefit vis-a-vis plant-parasitic nematodes. 
MATERI.'iJ.S -AND METHODS 
A field was selected having a high population of pUint-parasitic nematodes. The field 
was divided into two pans. One pan received normal ploughing (20 cm deep), whereas the 
other pan received deep ploughing treatment (40 cm deep). Both the parts were divided 
into beds of 9 m^ size. A buffer zone of 0.5 m was (also) left between the beds. In both 
the cases of normal and deep ploughed plots, there were four categories of treatments : (a) 
Untreated control, (b) Inorganic fenilizers, (c) Organic amendments, (d) Nematicides -f 
Inorganic fertilizers with the same dose as in "b' above. , 
* Part of Ph. D. Thesis of the senior author. 
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In the first category there was no treatment, while in the second category inorganic 
(erlilizers in the form of urea (@ 110 kg N/ha), superphosphate (@ 55 kg P/ha) and 
murate of potash (<2)55 kg K/ha) were added to the soil. In the third category compost ?jid 
oil-seed cakes of castor, {Riciniis commimis L.), mustard (Brassica campeslris L.), rocket-
salad/t/wa/i {Enica saliva Mill.), margosa/zie-fw? {Azadimchta indica A. Juss.) and groundnut 
{Arachis hypogea L.) were added (@ 110 kg N/ha) to the soil. In the last category, the beds 
were treated with carbofuran/Furadan-3G (2,3-dihydro-2, 2-dimethyl-7-benzofuranyl 
mcihyi carbamate) and aldicarb/Temik-lOG (2-melliyl-2-(methylthio) propionaldchyde-O-
(methylcarbamoyl) Oxime) at the rate of I kg a. i./ha. Immediately after the treatments, 
the beds were watered for ensuring proper decomposition of the organic additives. There 
were six replicates for each treatment, which were arranged in a random manner according 
to the table of Panse & Sukhaime*-\ Three week old seedlings of tomato (Lycopersicon 
esculenium Mill.) cv. "Pusa Ruby" were transplanted two weeks after the treatment. 
Necessary after-care such as watering, weeding, etc. was also done as and when considered 
nccessary throughout the experiment, which was terminated three months after the 
treatment. 
Soil samples were taken both at the t ime of sowing and termination of the 
experiment from each bed and the final population was determined with the help of 
Cobb's sieving and decanting technique*^'. Plant growth (fresh weight of shoot and root) 
was noted. 
The residual effect of the treatments was also observed. For this, the beds of the 
above experiment were again prepared immediately after the termination of the experiment 
and then all the beds were applied with a half dose of inorganic fertilizers, i. e.. Urea @ 
55 kg N/ha, superphosphate and murate of potash @ 27.50 kg P and K/ha. Besides, the 
same treatments of normal and deep ploughing were repeated in their respective beds. 
Immediately after the application of inorganic fertilizers, seedlings of tomato cv. "Pusa 
Ruby" of 3-week age were transplanted. 
Recording of the data for nematode populations and plant growth was done in the 
same manner as described above. 
RESULTS 
The results of the experiment clearly indicate that the population of plant-parasitic 
nematodes multiplied freely in untreated beds and those treated with compost and 
inorganic fertilizers, while it was significantly reduced in all the other treatments. Though 
all the oil-cakes were effective in reducing the population of plant-parasitic nematodes, 
more reduction was noticed in beds treated with duan, groundnut and neem cakes. The test 
nematicides. viz., carbofuran and aldicarb were found more efficacious than the oil-cakes. 
Deep ploughing (40 cm deep) also brought down the population of plant-parasi t ic 
nematodes. The combined cffect of deep ploughing and oil-cakes/nematicides was more 
than either of them (Table 1). Moreover, the residual effect of oil-cakes and nematicides 
persisted for longer durations as they remained effect ive against the plant-parasi t ic 
nematodes even in the subsequent crop (Table 2). Throughout the study, the populations 
of Meloidogvne incognita. Rotylenchulus renifonnis a n d Tylenchorhynchus bra^sicae 
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remained relatively high in comparison with the other three species, high, (hereby 
showing that the test crop was susceptible to tliesc nematodes species. The numbers of 
o t h e r n e m a t o d e s , viz . , Hoplolaimiis indicus, Helicoiylenchus indicus a n d 'I'ylcnchus 
fiUformis were relatively low. 
The growth of plants as measured in terms of weight was invariably more when the 
soil was treated with oil-cakes and nematicides. The plant growth was further promoted 
when these treatments were given along with deep ploughing. Nematicidcs were found 
more beneficial than oil-cakes in promoting the growth of the test plants. Thus, there 
appears to be a direct correlation between the reduction in nematode populations due to 
various treatments and improvement in plant growth. 
DISCUSSION 
In a field study, oil-seed cakes of castor, margosa/«eem, mustard, rocket saladM/a/i 
and groundnut were found highly satisfactory for the control of commonly occurring 
p l a n t - p a r a s i t i c n e m a t o d e s v iz . Meloidogyne incognita, Rotylenchulus reniformis, 
Tylenchorhynchus brassicae. Hoplolain^us indicus, Helicoiylenchus indicus a n d 
Tylenchus filifornus. The first three nematodes species were predominant in the field. 
Generally, the greatest reduction in the population of nematodes was observed in the beds 
treated with duan, groundnut and neeni cakes. As a consequence of reduction of population 
of plant-parasitic nematodes, the plant growth of tomato improved (Table 1). Our results 
with respect to the efficacy of oil-cakes are in conformity with those of Alam^"', and 
Singh & Sitaramaiah^^'. The efficacy of duan cake is reported for the first time. 
In the present case, beneficial effects of the oil-cakes persisted for longer durations, as 
they remained effective against plant-parasitic nematodes even in the subsequent crop 
(Table 2). This is due to the fact that oil-cakes are decomposed slowly and thus they 
gradually release nema-toxic sobstances for longer durations. Similar results have been 
obtained by Singh & Silaramaiah"'' and Alam el atPK 
Many theories have been put forward by different workers to explain the possible 
mechanism of nematode control by the application of oil-cakes to the soil. Alam*"^ ^ stated 
that with a liberal supply of water the oil-cakes undergo decomposition and release many 
compounds like phenols, aldehydes and different gasses, including ammonia. Sitaramaiah 
& Singh'®' also reported the release of fatty acids. All these chemicals have been reported 
highly deleterious to many plant parasitic nematodes under in vitro conditions'"'' 
During the degradation of oil-cakes there is a possibility of the release of other chemicals 
which are detrimental to nematodes though it is still premature to say that the amount of 
these compounds released during decomposition of oil-cakes is sufficient for such an 
action under natural soil conditions. Water extracts of oil-cakes and deoiled cakes have 
also been found toxic to a variety of nematodes"-'. They also inhibit juvenile hatching, 
probably because they contain varying amounts of phenols, aldehydes and other toxic 
chcmicals of unknown composition 
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The decomposi t ion of oi l -cakcs takes pUicc due to increased activity of soil 
micRKirganisms, including bacteria, fungi, etc. The role of fungi during decomposition of 
oil-cakes and its subsequent effect on nematodes has lx;en studied by Kirmani 
The possibility of an increase in the predacious jtnd parasitic activity of soil biota 
against plant-parasit ic nematodes cannot be ruled out. The oil-cakcs also inf luence 
physical and chcmica l proper t ies of soil '"*' , which render the soil a tmosphe re 
unfavourable for nematode activity. Van der L a a n " ' " suggested that the plant host 
becomes unfavourable for nematode development due to .some possible physiological 
changes that occur due to organic amendments. In the case of oil-cakes this was proved by 
Alam el a / . " ^ ' a n d Sitaramaiah & Singh who noted increased resistance in plant;^ 
grown in soil amended with oil-cakes. It was suggested that this induction of resistance 
was due to the increased level of phenolics in host roots. The penetration of 2nd stage 
juveniles and the subsequent root galling was reported to have been greatly reduced in 
seedlings raised in oil-cake amended soil. 
The various theories put forward to explain the possible mechanism of action of oil-
seed cakes are still inconclusive. It is possible that other explanations given to other 
organic amendments may well be applicable to oil-seed cakes. 
The two nemalicides, viz., carbofuran and aldicarb, were also included in the presen 
study for comparing the efficacy of oil-seed cakes. It was observed that the test oiI-see( 
cakes were in no way inferior to these nematicides, though the latter had a slight edg< 
over the former. 
The depth of ploughing also had a great influence on the population of plant-parasitii 
nematodes . It was observed that the deep ploughing (40 cm deep) brought abou 
s ignif icant reduct ion in the populat ion of plant-parasi t ic nema todes over no rma 
ploughing (20 cm deep) U"eatmcnt. The combined effect of oil-seed cakes/nematicidos an( 
deep ploughing was more than that of oil-seed cakes/nematicides applied in norma 
ploughed beds. The suppressive effect of deep ploughing has been reported by severa 
w o r k e r s ' - ' ' I t has been suggested that the deep ploughing disturbs the ecological 
set-up of nematodes which are ex[x)sed to e.xtemal unfavourable conditions and thus thei 
populations decline'-^'. 
\ 
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A B S T R A C T : T h e p l a n t s r a i sed f r o m c a r b o f u r a n , p h e n a m i p h o s and p h o r a t e t r e a t e d s e e d s of b o t t l e 
g o u r d {Lagenaria siceraria) ( M o l i n a ) S t a n d l e y a n d b i t t e r g o u r d (Momordica charaniia L . ) r e d u c e d 
t h e r o o t - k n o t d e v e l o p m e n t c aused by Meloidogyne incognita and c o n s e q u e n t l y t h e y ie ld i m p r o v e d . 
P h e n a m i p h o s g a v e t h e b e s t r e su l t s f o l l o w e d by c a r b o f u r a n a n d p h o r a t e . 
KEY WORDS: Meloidogyne incognita, s e e d t r e a t m e n t , b o t t l e g o u r d a n d b i t t e r g o u r d . 
The root-knot nematode is considered to 
be one of the greatest pest problems and had 
a wide host range of crops throughout the 
tropics and sub-tropics. It also damaged to 
the bottle gourd and bitter gourd. These crops 
are considered to be the important vegetable 
crops. The nematode often caused serious 
wilt problems and rendered the crops un-
economical. It was, therefore, considered 
desirable to control the nematode .with 
economically feasible control method. 
Though neem cake, neem chemicals and plant 
latices have been used as seed dresser and 
gave good results for root-knot nematode 
control (Singh et al., 1980; Siddiqui and Alam, 
1988a, b; 1980). Successful control of root-
knot nematode by seed treatment of okra with 
some nematicides has been reported 
(Sivakumar et al., 1973, 1976). Before any 
generalization is made, seeds of other 
vegetables, which have relatively bigger seeds 
need to be treated with nematicides as seed 
dressing to study the effect of phenamiphos, 
carbofuran and phorate as seed dressing on 
control of root-knot nematode on bottle 
gourd and bitter gourd. 
MATERIALS AND METHODS 
Seeds of bottle gourd (Lagenaria 
siceraria L Molina) Standley cv local and bit-
t e r g o u r d (Moinordica charaniia L . ) c v l o c a l 
were coated with different nematicides viz. 
carbofuran, phorate and phenamiphos @ 3% 
and 6% a.i (w/w) and then allowed to dry for 
over-night on a paper at room temperature. 
The seeds were sown in 60 cm^ pits with a 
space of 1.5 m between the pits and between 
the rows in field, having moderate root-knot 
n e m a t o d e , Meloidogyne incognita ( K o f o i d 
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and Whi t e ) Ch i twood populat ion (208 larvae 
per 200 g soil) . U n t r e a t e d seeds were also 
sown for con t ro l . Af t e r 90 days of sowing the 
yield and roo t -kno t index on 0-5 scale (Sasser 
et al., 1984) were r ecorded . The re were ten 
rep l ica tes for each t r ea tmen t . 
RESULTS AND DISCUSSION 
T h e yield of bot t le gourd improved in all 
the t r e a t m e n t s . T h e increase in yield r anged 
f r o m 35.64 to 64 .35% over control , the highest 
be ing when seeds were t rea ted with 
p h e n a m i p h o s (6%) and least in when t r ea t ed 
with p h o r a t e @ 3 % . The highest average yield 
was when seeds were t rea ted with 
p h e n a m i p h o s @ 6% (9.541 kg. /vine) fol lowed 
by c a r b o f u r a n 6% (7.429 kg./vine), 
p h e n a m i p h o s 3 % (7.315 Kg/vine), p h o r a t e 
6 % (6.832 Kg/vine) , c a rbo fu ran 3% (6.169 kg/ 
vine) , p h o r a t e 3 % (5.285 Kg/vine) and un-
t r e a t e d con t ro l (3.401 Kg/vine). T h e root-
knot galls were less in number in all the 
t r e a t m e n t s rang ing f rom 1.5 to 3.0 as against 
5.0 in cont ro l (Table 1). 
T h e g rowth of bi t ter gourd , improved in 
all the t r e a t m e n t s and with reduct ion in gall 
index. T h e yield increase was highest when 
t r e a t e d with p h e n a m i p h o s @ 6% (9.737 
Kg/vine) fo l lowed by ca rbo fu ran 6% (7.973 
Kg/vine) p h o r a t e 6 % (7.135 Kg/vine), 
p h e n a m i p h o s 3 % (7.680 Kg/vine, c a r b o f u r a n 
3 % (6.839 Kg'vine) and phora ie 3% (6.048 
Kg/vinc) against un t rea ted cont ro l (3.720 
Kg/vinc) (Table 1). 
This phenamiphos 6% was very e f fec t ive 
in improving t h e yield of bo t t l e gou rd and 
bi t ter gourd and reducing the gall index on 
these plants. 
T h e resul ts clearly show that the 
nematic ides used in seed dress ing gave full 
protect ion against the roo t -knot n e m a t o d e . 
T h e reproduc t ion fac tor was clearly less when 
the seeds of bo t t l e gourd and bi t ter g o u r d 
were coated with higher c o n c e n t r a t i o n s as 
compared to the lower ones . P h e n a m i p h o s 
gave best resul ts followed by c a r b o f u r a n and 
phora te . 
Seed t r ea tmen t of okra with nema t i c ide 
has also given sa t is fac tory p ro tec t ion against 
root-knot n e m a t o d e (Sivakumar et al., 1973, 
1976). The t r ea tmen t gives a c h e a p e r m e t h o d 
of control of nematodes . T h e s e s tudies may go 
a long way for selecting sui table cont ro l 
p rogramme. 
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I N T E G R A T E D C O N T R O L O F P L A N T P A R A S I T I C N E M A T O D E S W I T H 
O I L - S E E D C A K E S / N E M A T I C I D E S O N C A R R O T 
Siddiqui, Mansoor A. and Mashkoor Alam, M. 
Department ot Botany, Aligarh Muslim University, Al igarh-202 002, India 
It has been largely realized that pesticides available today are generally e x p e n -
sive and hazardous in nature. This has tr iggered intensive research to explore p o s -
siLMlities of evolving alternative methods. In case of plant parasitic nematodes, 
organic amendments, particularly oi l -seed cakes have shown great promise in their 
management (Alarn, 1990). Neem cake and plant parts have b e e n claimed as o n e 
of the most efficacious materials tor combating nematode m e n a c e (Siddiqui, 1986; 
A lam, 1993). In the present investigation an attempt has been made to evaluate 
the efl icacy of neem and other cakes and nematicides against plant parasitic nem-
atodes infesting carrot under two tillage regimes. 
M A T E R I A L S A N D M E T H O D S 
A field harbouring high population of plant parasitic nematodes viz . , Hoplolaimus 
indicus Sher , Helicotylenchus indicus Siddiqi, Rotylenchulus reniformis Linford & 
Ol ive i ra , Tylenchorhynchus brassicae Siddiqi, Tylenchus filiformis Bulschli and 
Meloidogyne incognita (Kofoid & White) Ch iKvood was selected and thoroughly pre-
pared. T h e field was divided into Uvo portions receiving normal (20 cm deep) and 
d e e p (40 cm deep) ploLighing treatments respectively. Both the sub-plots w e r e 
d iv ided into beds of 9 m^ size each separated by a 0.5 m wide buffer zone. T h e 
beds were given the following treatments: inorganic fertilizers, org nic amendments 
and nematicides. Untreated beds served as control. In the c a s e of inorganic fer-
ti l izers. urea © 110 kg N/ha, superphosphate @ 55 kg P/ha and murate of potash 
@ 55 kg Kyiia were incorporated into the soil. In the case of organic amendments, 
compost and oi l -seed cakes of margosa 'neem (Azadirachta indica A. Juss . ) , castor 
{Ricinus communis L.), mustard {Brassica campestris L.), rocket-salad/Ouan {Eruca 
sativa fVlill.) and groundnut (Arachis hypogaeaL.) v-'ere added to the soil @ 110 kg 
N.''ha. In the last category two nematicides v iz . , carbofuran/furadan-3G (2,3-dihydro-
2,2-dimethyl -7 -benzofuranyl methyl carbamate) and ald icarb/Temik- lOG (2-methyl-
2-(methylthio) propionaldehyde-O-(methylcarbamoyl) oxime) w e r e added to the soil 
@ 1 kg a.i .'ha. T h e r e v ;ere 3 replicates for each treatment a r ranged in randomized 
block design (Fig. 1; Panse and Sukhatme, 1978). Immediately aftei the soil treat-
ment. the beds were v;atered for ensuring proper decomposit ion of the organic addi-
ties. S e e d s ot carrot {Daucus carota L.) cv . 'Pusa Kesar' were s o w n after a waiting 
per iod of two weeks . Weeding , watering etc. w e r e done as and w h e n considered 
n e c e s s a r y . 
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LAYOUT OF FIELD EXPERIMENT 
Normal ploughing Deep ploughing 
(20 cm deep) (40 cm deep) 
Fig. 1. Layout of the field experiment showing randomised arrangement o( different treatments. 
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Initial (before treatment) and final (3 months after sowing) nematode populations 
w e r e determined at the time of sowing and termination of the experiment from each 
bed following C o b b ' s sieving and decanting and Baermann's funnel techniques 
(Southey , 1986). Y ie ld was also noted. 
* 
For studying the residual effect of different treatments, the beds of the first exper -
iment were p loughed (normal and deep were repeated) just after the completion 
of the first experiment and half dozes of inorganic fertilizers i.e., urea @ 55 kg N/ha, 
superphosphate and muriate of potash @ 27.50 kg P and K/ha were incorporated 
in all the beds. N o waiting period w a s given in this exper iment and three-week-o ld 
seedl ings of tomato (Lycopersicon lycoperslcum (L.) Karsten) were transplanted 
s o o n after the application of inorganic fertilizers. Aftercare of the experiment such 
as weed ing a n d watering v;as done w h e n necessary . 
Nematode populations were determined three months after transplantation in the 
s a m e manner as descr ibed above and plant growth parameters (fresh weights of 
shoot a n d root) noted. T h e data w e r e statistically ana lysed for critical difference 
(C .D . ) at P = 0.05 and P =0.01 (Panse and Sukhatme, 1978). 
R E S U L T S 
T h e results summar ized and presented in Tab les 1 a n d 2 clearly indicate that 
the populations of plant parasitic nematodes were significantly reduced in beds given 
different treatments. However , there w a s manifold increase in nematode popula-
tions in untreated control. Margosa 'neem, rocket-salad/Duan, mustard and ground-
nut cakes were significantly more effective than the inorganic fertilizers and compost. 
But they w e r e slightly less effective than the two test nematicides viz . , aldicarb and 
carbofuran. D e e p ploughing (40 cm deep) of soil also brought about significant reduc-
tion in nematode populations. T h e efficacy of deep ploughing (40 cm deep) enhanced 
w h e n it was combined with oil-cakes/nematicides (Table 1). T h e results of the second 
exper iment (Tab le 2) clearly s h o w that the oi l -cakes/nematicides remained effec-
tive in soil against the nematode populations even in the subsequent crop, tomato. 
T h e populat ion of M. incognita,R. reniformis and T. brassicae remained high 
throughout the exper iment in untreated beds which s h o w s that the test crops were 
g o o d hosts to these nematode spec ies . T h e number of other nematodes viz . , Hop. 
indicus, Hel. indicus and T. filiformis remained comparat ive ly low. 
H ighes t y ie ld of carrot w a s obser,/ed in the beds treated with aldicarb both in 
normal (500 q/ha) as v/ell as in d e e p (525 q/ha) p loughed beds. Among oil -cakes, 
the yield w a s significantly enhanced in all the cases . T h e combination of oil -cakes 
and nematicides with deep ploughing enhanced the yield (Table 1). T h e plant growth 
(fresh weights of shoot and root) of tomato w a s significantly high w h e n it w a s grown 
in beds treated with oi l -cakes and nematicides in the preced ing crop. Oi l -cakes and 
nematic ides integrated with deep ploughing gave m u c h healthier plants. Nemat-
icides w e r e found to be slightly more beneficial in promoting the plant growth than 
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the oi l -cakes (Table 2). It appears from the results that reduction in nematode 
population due to different treatments has positive correlation with the improve-
ment in plant growth. 
DISCUSSION 
It is evident from the results that the nematodes commonly inhabiting the soil 
dur ing the field trials v iz . , M. incognita, R. reniformis, T. brassicae, Hop. indicus, 
Hel. indicus and T. filiformis were significantly reduced by o i l -seed cakes of mar-
gosa/neem, mustard, rocket-salad/Duan and groundnut . D u e to the reduction in 
nematode populations, the yield of carrot enhanced. O u r findings with respect to 
the oi l -seed cakes are in general agreement with those of S ingh and Sitaramaiah 
(1971) and Alam (1989). T h e effect of duan cake w a s reported for the first time. 
In the present f indings oi l -seed c a k e s v/ere found effective in reducing the 
nematode population even in the s u b s e q u e n t crop (Tab le 2). It may be due to the 
s l o w decomposit ion of oil -cakes releasing nemato-tox ic substances for a longer 
time. O u r results are in conformity with S ingh and Sitaramaiah (1966) and Alam 
(1990). 
T h o u g h it is difficult to pin point the exac t mechanism involved in the reduction 
of nematode populat ion by the application of o i l - seed cakes to the soil yet many 
scientists have put forward different theor ies in this regard. A lam et al. (1979), after 
ex tens ive work on the mechanism of o i l - seed cakes pointed out that oi l -seed cakes 
undergo decomposi t ion in moist soil a n d re lease many compounds viz . , phenols , 
a ldehydes and different gases , including ammonia. Fatty acid w a s also re leased 
after the decomposi t ion of oi l -seed cakes (Sitaramaiah and Singh, 1978). U n d e r 
laboratory condit ions all these chemicals v/ere found to be highly nemato-toxic 
(Walker et al., 1967; Alam et al., 1979). S o m e neem chemicals were found effec-
t ive in reducing the nematode population (Siddiqui and A lam, 1988, 1989). Water 
extracts of oiled and deoiled cakes have also been found detrimental to many genera 
of nematodes ( A l a n etal., 1982). T h e y a lso check juveni le hatching because they 
contain toxic chemica ls (Khan et al.. 1974; Alam et a!., 1979). 
T h e decomposi t ion of oil -cakes takes place due to the increased activity of soil 
microorganisms including bacteria, fungi etc. (Kirmani, 1977), Th is may also lead 
to an increased predacious and parasitic activity of soil biota. Secondly , the organic 
addit ives usually c h a n g e physical and chemical condit ions of the soil (Ahmad et 
al., 1972) and improve soil conditions for greater root g rowth thereby enhancing 
the utilization of soil nutrients; as a c o n s e q u e n c e the nemaitode damage is masked 
or minimized and the host -nematode relationship is altered. V a n der Laan (1956) 
c la imed that due to organic amendments some phys io logical changes take place 
in the host plant w h i c h render them unfavourable to the nematode development . 
Similarly, in the c a s e of oil -cakes this w a s proved by A l a m et al. (1980) a n d Sita-
ramaiah and S i n g h (1978) who conf i rmed an increased resistance in plants g rown 
in soil amended with oil -cakes. T h e y s u g g e s t e d that this induction of resistance w a s 
due to the inc reased level of phenol ics in the host roots. It w a s reported that the 
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penetration of second stage juveniles and the subsequent root galling w a s greatly 
inhibited in seedlings ra ised in oil -cake a m e n d e d soil. 
T h e plant parasitic nematodes v/ere also greatly influenced by the depth of plough-
ing. It w a s found during the field trial that the d e e p p loughing (40 cm deep) brought 
about significant reduction in the population of plant parasit ic nematodes. O i l - seed 
cakes/nematicides integrated v/ith deep ploughing v/ere found to be more effica-
cious than the oi l -seed cakes/nematicides appl ied in normal ploughed beds. T h e 
suppress ive effect of d e e p ploughing has been reported by many v/orkers (Thomas, 
1978; C a v e n e s s , 1979; K h a n and Saxena . 1980). It has b e e n suggested that the 
deep ploughing distrubs the ecological set up of nematodes which are exposed to 
external unfavourable conditions and thus their populat ions decline (Khan and 
S a x e n a , 1980). 
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E F F E C T O F N E M A T I C f D E S F O R T H E C O N T R O L O F R O O T - K N O T 
N E M A T O D E IN T O M A T O N U R S E R Y 
M . F A R O O Q A Z A M , M A N S O O R A . S I D D I Q V I A N D S . K S A X E N A 
Department of Botany, Aligarh Muslim University. Aligarh-202002. India. 
T h e neraaticide* a r c extensively used in n e m a t o d e c o n t r o l . H o w e v e r , i n fo rma t ion 
a b o u t the u j e of nemat ic ides lo c o n t r o l the n e m a t o d e s by nursery t r e a t m e n t it l imited. 
H e n c e , the present invest igat ion was u n d e r t a k e n . 
S e e d b e d s ( I x i m ' size), na tu ra l l y infes ted with t h e r o o t - k n o t , Meloidogyne 
incognita St 1 200 g soil) were t r e a t e d with d i f f e r e n t doses o f c a r b o f u r a n , 
p h o r a t e , phenamiphos a n d mocap . Seeds o f t o m a t o [Lycopersicon esculentum) cv. F'jSa 
R u b y were sown. The p lan t s t and was r e c o r d e d 10 days afcer sowing (DAS) and a t 
t r a n s p l a n t i n g t ime (ATT) . Seedlings were u p r o o t e d a f t e r 4 weeks of sowing and r o o t -
k n o t - k n o t index on 1 - 5 scale (Sasser et al., 1984) and weight of 25 seedlings were 
r e c o r d e d . La te r 25 seedlings of each t r e a t m e n t were t r a n s p l a n t e d lo u n t r e a t e d beds 
(2 .00X 1 . 5 m ) ' n a t u r a l l y in fes ted wi th M. incognita ( 3 1 5 J i / 2 0 0 g soi l ) . The p l an t 
• t a n d was recorded a f t e r 45 days. A t m a t u r i t y the final r o o t - k n o t index , p l a n t growth 
a n d yield were recorded Each value is an a v e r a g e of 10 lep l ica tes . 
T a b l e 1 . Effect of unrsery treatment with nematicides on the root-knot development 
and other parameters of tomato seedlings. (Mean of ten replicates) 
N u r s e r y t r e a t m e n t P l a n t s t a n d W e i g h t o f G a U 
( d o s e / m ' ) 10 D A S A T T 25 s e e d l i n g ( g ) I n d : x 
C a r b o f u r a n 0 .3 g a. i . 1 4 0 . 5 0 350 .75 2 .90 1.50 
P h o r a t e 0 . 3 1 0 5 . 0 0 2 7 5 . 0 0 2 . 1 5 3 .00 
»» r 0 . 6 123 .00 3 1 0 . 0 0 2 .45 2 .75 
» • ' h e n a m i p h o s 0 . 3 1 2 0 . 5 0 285 .00 2 .42 2 .50 
0 . 6 1 5 0 . 7 3 375.75 3.21 1.25 
M o c a p 0 .3 1 0 2 . 0 0 280 .00 2 .15 3 .00 
0 .6 . . 1 1 2 . 7 5 300 .50 2 .65 , 2 .50 
U n t r e a i e d 8 5 . 0 0 210 .00 1.95 4 . 0 0 
C D . ( P = 0 . 0 5 ) 0 J 9 0 .38 
D A S = D a y s A f i e r S o w i n g . 
A T T = A( T r a n s p l a n t i n g T i m e . 
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Table 2. Effect of nursery treatment with nematiciJes on the root knot development, 
and yield of tomato after fansplanting to untreated plot (Mean of ten 
replicates) 
N u r s e r y i r e a t m e n t 
( d o s e / m » ) 
Gal l i ndex Yield per 
plot (k«) ha (Q) 
C a r b o f u r a n 0 .3 g a . i. 2.50 4.250 141.66 
P h o r a t e 0.3 3.50 2.900 96.66 
„ 0 .6 3.no 4.000 133.33 
P h e n a m i p h o s 0.3 3.50 3.1 12 103.73 
0 .6 2.00 4.935 164.50 
M o c a p 0 3 3.75 2.870 95.66 
0 .6 3.00 3.250 108.33 
U n t r e a t e d 5.00 2.000 66.66 
C . D . ( P = 0 .05) 0.3.^ 0 .730 — 
I n i t i a l n e m a i o d e p o p u l a t i o n in nurse ry beds = 315 J , / 2 0 0 g s o i l . 
The resul ts p resen ted in Tables 1 and 2 clear ly indicate that the four netnatidde.t , 
viz., c a r b o f u r a n , p h o r a t e , phenamiphos and raocap were highly cfBcacioui in reducing 
the r o o t - k n o t d e v e l o p m e n t caused by Af. incognita. As a consequence of the reduct ion 
of r o o t - k n o t deve lopmen t the yield improved. T h e phenamiphos @ 0.6 g a . i / m * was 
mos t effect ive. No phy to tox ic effect of any test nemat ic ide was observed. The t o m a t o 
seedlings ra i t ed in beds t rea ted with nematicidet were found much healiheir as some 
resis tance deve loped inside the root due to the absorp t ion of nemat ic ides . In nursery 
t r e a t m e n t very imal l quant i ty of nemat ic ide it c o n i u m e d because area under t r e a t m e n t 
it very le j i . I t may be concluded tha t nursery t r e a t m e n t is economical , cheaper and 
ins t an t n e m a t o d e c o n t r o l . Our findings are in con fo rmi ty with those of AJam (1990; 
a n d Alam & Saxena (1990). 
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EFFECT OF HOSTATHION, POSSE AND RUGBY ON MORTALITY OF 
NEMATODES AND HATCHING OF MELOIDOGYNE INCOGNITA 
Mansoor A. Siddiqui and S.K. Saxena 
Department of Botany, Aligarh Muslin University 
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Abstract 
All the chemicals studied were highly toxic to plant parasitic nematodes to a varying degree. 
They were inhibitory to larval hatch in Meloidogyne incognita even at low concentration. 
The killing was highest at 48 hr to 1000 ppm of hostathion, posse and rugby. The toxicity of 
the chemicals to nematodes increased with an increase in the concentration and exposure 
period. Hostathion was found highly toxic with LD 50 ranged from 6-10 ppm followed by 
Posse LD 50 (7-20 ppm) and rugby LD 50 (6-30 ppm). 
INTRODUCTION 
Nematodes have been used to control nemtaodes with reservations. They are mainly used where the 
nematode population is very high or to integrate with other methods of control (Roadriguez-Kabana et ai, 
1982: Gupta et ai, 1986: Patel et al., 1992). It is desirable to continuous secreening of pesticides for their 
efficiency against nematodes. Therefore, in the present studies, an attempt has been made to study the effect 
of newly recommended pesticides, vi^z., hostahion, posse and rubgy on moratlity of nematodes and hatching 
Meloidogyne incognita. 
MATERILAS AND METHODS 
Hostathion-40EC(0,0-diethyl 0-1-phenyl-l,2,4-trazol-3-yI phospho-rothioate). posse/carbosulfan-
25EC (2,3-dihydro-2,2-dimethyl benzo-furan-7-yl (dibutyl amino thio) methyl carbamate and rugby-10 (S, 
S-Di-sec-butyl 0 -e thy l phosphorodithioate) were mixed with distilled water in quantity so as to obatin 1, 
10, 100 and 1000 ppm. 
For mortality experiment, separate suspensions of freshly hatched 2nd stage juveniles of the root-
knot nematode, Meloidogyne incognita (Kofold and White, 1919: Chitwood, 1949) or freshly isolated 
population of all the representtive plant-parasitic nematodes, viz., the lance nematode, Hoplolaimus indicus 
Sher, 1963, the spiral nematode , Helicotylenclius indicus Siddiqui, 1963, the reniform nematode, 
Rotylenchulus reniformis Linford and Oliveira, 1940, the stunt nematode, Tylenchorhynchns brassicae 
Siddiqui, 1961, the filiform nematode Tylenchusfitifonnis ButschW. 1873 and the citrus nematode, Tylenchulus 
semipenetrans were transferred separately to 10 ml of different concentrations of pesticide suspension in 
distilled water contained in 40 mm petri-dishes Alam, 1985). There were six replicates for each treatment. 
The number of immobilised nematodes was counted after 12, 24 and 48 hours under stereoscopic binocular. 
Percentage mortality was calculated. The death of the nematodes was ascertained after transferring them to 
water for 1 hr. The mortality of nematodes in distilled water served as control. 
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For studying the effect of neinaticides on hatching of larvae of M. incognita, 5 average sized and 
freshly picked eggmasses of M. incof^nita were transferred to 10 ml suspension of different concentrations 
of pesticides contained in 40 mm petri-dishes. The total number of larvae hatched out was counted after 5 
days under stereoscopic binocular. Hatching in distilled water served as control. There were six replicates 
for each treatment. 
RE.su LTS 
The results presented and summarized in Tables 1 & 2 and Figs. 1-3 clearly indicate that there was 
100% mortality of almost all the genera of nematodes and larvae of root-knot nematode after 48 hr of 
exposure to 1000 ppm of hostathion, posse and rugby. At other concentrations of the three chemicals, 
inortality of different nematodes, however, varied. 
The percent mortality was low at lower concentration of the chemicals. There has been a linear 
relationship between the concentration of the chemicals and the percent mortality. 
The percent mortality to all the genera of nematodes was 50% after 12 hr of exposure in 1000 ppm 
and after 24 hr in 100 ppm. At low concentration more than 24 hrs were required to kill 50% nematodes. It. 
however, varied with nematode genera to genera. 
The hatching of larvae of the root-knot nematode was also inhibited by all the three chemicals. The 
hatching was inversely proportional to the concentrations of chemicals. Hostathion had a slight edge over 
posse and rugby in the inhibition of root-knot nematode as the number of larvae hatched was less in this 
chemical than the remaining. 
This is clear from the above results that all the chemicals were highly toxic to all the nematode 
species tested, however, to varying extent. Hostathion was found highly toxic where the lethal dose (LD) 
that kill 50% or more nematodes ranges from 6-10 ppm followed by posse (LD 50 = 7-20 ppm) and rugb\ 
(LD 50 = 6-30 ppm). The toxicity gradually increased with an increase in the concentration and exposure 
period. 
DISCUSSION 
The results clearly show that all the test chemicals possess strong nematicidal properties, however, to 
varying extent. The role of mono substituent at para position in the benzene has been reported to enhance 
the nematicidal activity than that of corresponding ortho and meta analogues as observed in case of 0 . 0 -
diaryl S-ethyl phosphorothioates (Gupta el al., 1989). However, the possibility of these compounds or 
some other factors responsible for inore toxicity to nematodes can not be ruled out. Rugby is the least toxic 
with high LD 50 values. These results are in agreement with Bunt (1977), Alam el al. (198!), Fest and 
Schmidt (1982) and Gupta et al. (1989). 
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DIFFERENT C O N C E N T R A T I O N S ( ppm ) OF HOSTATHION 
Fig. 1: Regression lines showing linear relationship between different concentrations of hostahtion 
and per cent mortality of plant parasitic nematodes in vitro 
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Table l :Effect of hostathion, posse and rugby on the mortality of plant parasitic nematodes in vitro. 
Nematode 
species 
Exposure Percent mortality in different concentrations (pptn a.i.) Regression 
period - Equations 
(hr.) 1000 100 10 I DW 
Hoplolaimus 12 70(65.0) 45(48.5) 25(32.0) 20(15.5) O(-Ol.O) Y=32.0+16.5 
indicus (X-2) 
24 %(86 .0 ) 65(64.0) 30(42.0) 25(20.0) 0(-02.0) Y-42 .0+22 .0 
(X-2) 
48 100(105.0) 90(79.0) 45(53.0) 30(27.0) 0(+01.0) Y=53.0+26.0 
(X-2) 
Helicotylenchus 12 50(51.0) 40(39.0) 25(27.0) 20(15.0) 0(+03.0) Y=27.0+12.0 
indicus (X-2) 
24 85(77.0) 50(57.5) 30(38.0) 25(18.5) O(-OI.O) Y=37 .0+ |9 .5 
(X-2) 
48 100(92.0) 60(69.0) 40(46.0) 30(23.0) 0(+00.0) Y=46.0+23.0 
(X-2) 
Tylenchus 12 60(57.0) 40(42.5) 25(28.0) 15(13.5) O(-OI.O) Y=28.0+14.5 
filiform is (X-2) 
24 75(75.0) 55(58.0) 40(41.0) 35(24.0) 0(+07.0) Y=41.0+17.0 
(X-2) 
48 100(98.0) 70(75.5) 50(53.0) 45(30.5) 0(+08.0) Y=53.0+22.5 
(X-2) 
Tylenchorhynchus 12 . 50(48.0) 35(36.0) 20(24.0) 15(12.0) (.'(+00.0) Y=24.0+12.0 
brassicae (X-2) 
24 70(70.0) 50(53.0) 40(36.0) 20(19.0) 0(+02.0) Y=36.0+I7 .0 




Rotylenchulus 12 80(69.0) 40(50.0) 25(31.0) 10(12.0) 0(-07.0) Y=31.0+I9 .0 
reniformis (X-2) 
24 100(95.0) 70(69.5) 35(44.0) 15(18.5) 0(-07.0) Y=44.0+25.0 
(X-2) 
48 100(110.0) 100(84.0) 50(58.0) 40(32.0) 0(+06.0) Y=58.0+26.0 
(X-2) 
Tylenchulus 12 70(67.0) 45(50.5) 35(34.0) 20(17.5) 0(+01.0) Y=34.0+16.5 
semipenetrans (X-2) 
24 100(102.0) 80(77.0) 50(52.0) 30(27.0) 0(+02.0) Y=52.0+25.0 
(X-2) 
48 100(110.0) 90(85.0) 70(60.0) 40(35.0) 0(+10.0) Y=60.0+25.0 
(X-2) 
Meloidogyne 12 60(56.0) 40(41.0) 20(26.0) 10(11.0) 0(-04.0) Y=26.0+15.0 
incognita (X-2) 
contd. . 
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2 4 ' 1 0 0 ( 1 0 0 . 0 ) 8 0 ( 7 4 . 0 ) t 0 ( 4 0 . 0 j 2 0 ( 2 2 . 0 ) O f - 0 4 . 0 ) 
48 100(112.0) 100(86.0) 60(60.0) 40(34 .0) 0(+08.0) 
12 58(54.4) 41(39.6) 15(24.8) 10(10.0) 0(-04.S) 
24 85(82.3) 65(60.7) 26(39.2) 2 0 ( ' 7 . 6 ) 0(-03.9) 
48 100(102.2) 86(74.2) 40(50.1) 25(24.0) Of-02.0) 
12 58(61.5) 50(47.0) 34(32.4; 20(17.9) 0(03.40) 
24 70(76.2) 60(60,3) 51(44.5) 41(28.6) 0(12.76) 
48 100(103.2) 80(80.0) 56(56.1) 45(32.6) 0(09.02) 
12 60(61,0) 55(44.5) 15(28.0) 10(11,5) 0(-05.0) 
24 95(94.2) 80(68.6) 25(43.1) 15(17.5) 0(-08.1) 
48 100(106.0) 100(77.8) 30(49.1) 18(21.4) 0(-06.8) 
12 50(50.0) 35(38.0) 30(26.0) 15(14.0) 0 ( ^ 0 2 . 0 ) 
24 80(82.0) 60(63,0) 50(44.0i 30(25.0) 0 ( - 0 6 . 0 ) 
48 100(99.0) 70(75.5) 55(52 .0 : 35(28.5) Of -05 .0 ) 
12 50(43.0) 25(31.5) I5(20.0i i0(0S,5) fi(-03,0) 
24 100(81.0) 60(60.5) 25(40.01 15(19.5) O(-Ol.O) 
48 100(104,0) 90(77,0) 40(50.01 20(23.0) 0(-04,0) 
12 40(40-0) 30(30,0) 20(20.01 10(10,0) 0(00 0) 
24 90(91.0) 70(69,0) 45(47 ,0 i 30(25.0) 0 ( - 0 3 . 0 ) 
4 8 100(110.0) 100(84.0) 50(58.0) 40(32 .0) 0 (+06 .0) 
12 60(59.0) 45(43.0) 25(27.0) 25(11 .0) 0 ( -05 .0) 
24 85(85.0) 60(64.5) 50(44.0) 50(23.5) 0 (+03 .0) 
Y-=48,0+20 0 
(X-2) 
Y - 6 0 . 0 + 7 6 . 0 
(X-2) 
Y = 2 4 . 8 + 1 4 . 9 
(X-2) 
Y - 3 9 . 2 ' - 2 1 . 6 
(X-2) 
Y-- -50 , l t26 ,0 
{X-2) 




Y - 5 6 . 1 - - 2 3 . 6 
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Y=49 .6+2S .2 
(X-2) 
Y - 2 6 . 0 + 1 2 . 0 
(X-2) 
Y = 4 4 . 0 - 1 9 . 0 
(X-2) 
Y = 5 2 . 0 - 2 3 . 5 
(X-2) 
Y = 2 0 . 0 - 1 1 5 
(X-2) 
Y = 4 0 . 0 - 2 0 . 5 
(X-2) 
Y = 5 0 . 0 - 2 7 . 0 
(X-2) 
Y = 2 0 . 0 ^ 1 0 . 0 
(X-2) 
Y = 4 7 . 0 - 2 2 . 0 
(X-2) 
Y=58 ,0+26 .0 
(X-2) 
Y=27 .0+16 ,0 
(X-2) 
Y=44 ,0+20 .5 
(X-2) 
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100(114.0) 100(87,0) 70(600) 70(33.0) ()(-t06.0Y' 
58(54.4) 41(39.6) 15(24.8) 10(10.0) ()(-04.8) 
85(82.3) 65(60.7) 26(39.2) 20(17.6) 0(-03.9) 
100(102.2) 86(74.2) 40(50.1) 25(24.1) 0(-01,<)) 
58(61.5) 50(46.9) 34(32.4) 20(17.9) 0(03.3) 
70(76.2) 60(60.3) 51(44.5) 41(28.6) 0(12.8) 
100(103.2) 80(79.7) 56(56.1) 45(32.6) 0(09 0) 
55(53.4) 41(38.7) 20(24.2) 5(9.6) 0(-05.6) 
85(85.0) 70(62.0) 30(39.01 10(16 !) ()(-06 9) 
100(108.0) 100(79.8) 40(51.5) 18(23.3) 0(-05.0) 
81(71,5) 46(51.6) 25(31.7) 8(11.9) ()(-08.0) 
100(96.0) 60(71.5) 50(47.0) 15(22.5) 0(-02.0) 
100(114.0) 100(87.0) 70(60.0) 30(33.0) 0(+06.0) 
65(62.0) 42(47.0) 31(31.3) 18(15,9) 0(-00.5) 
100(99.0) 70(75.5) 55(52.0) 35(28.5) 0(-05.0) 
100(112.0) 100(86.0) 60(60.0) 40(34.0) 0(+08.01 
58(52.2) 35(38.1) 16(23.9) 10(9.8) 0(-04.0) 
80(85.0) 70(64.0) 45(43.0) 20(22.0) 0 ( - l .04) 
100(112.0) 100(84.7) 60(57.3) -26(30.0) 0(-02.62) 
70(68.7) 50(51.2) 33(33.7) 15(16.2) 0(-01.3) 
90(88.1) 60(66.0) 50(44.0) 20(21.9) O(-OO.O) 
100(108.4) 86(82.4) 71(56.3) 25(30.3) ()(-04.2) 
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Y = 33 7 ' 17,5 
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Each value is an average of six replicates; DW = Distilled water (control) 
Values calculated from regression equations are given in parentheses 
2 0 2 
650 Frontiers in Plant Scioncc 
Table 2: Effect of hostahion, posse and rugby on the larval hatching of the root-knot 
n e m a t o d e , Meloidogyne incognita 
Chemical No. o f l a r v a e hatched iii different concentrations 
(ppm a.i.) after 5 days 
1000 100 10 1 DW 
Hostathion 0(100.00) 30(96.42) 390(53.57) 720(14.28) 840 
Posse 0(100.00) 50(94.04) 400(52.38) 750(10.71) 840 
Rugby 0(100.00) 45(94.64) 380(54.76) 760(09.52) 840 
bach value is an average of six replicates; DW = Distilled water (control) 
Values for percent inhibition in larval hatching oi Meloidogyne incognita are given in parentlieses 
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S H O R T C O M M U N I C A T I O N 
Effect of organic amendments together with cl ipping on the population of plant 
parasitic nematodes associated with berseem {Trifalium alexandrinum) 
MANSOOR A. SIDDIQUI 
D e p a r t m e n t o f B o t a n y . A l i g a r h M u s l i m U n i v e r s i t y , A l iga r l i - 2 0 2 0 0 2 
Berseem or Egyptian clover {TrifoHum 
alexandrinum L.) var. local is grown as a 
cover crop or a fodder crop and as many as 
five clippings are taken during its growing 
period; with each clipping the pi ant undergoing 
a stress. Tliis stress might be afTccting the 
nematode populat ion. Moreover , soil 
amendments with organic matter are knou-n 
to i n f l u e n c e the nematode populat ion 
adversely (D'Addabbo, 1995, Sahoo & Das, 
1995, Joshi&Patel , 1995, Crow eM/. , 1996, 
Odour - Owino et a/.. 1996). 
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In the present study an attempt has been 
made to detennine the elTcct of clippings of 
berseem on nematode population when soil 
was amended with castor cake, neem/m.argosa 
cake and chopped green tops of water hyacinth. 
. A farmer's field heavily infested witli 
plant parasitic nematodes was ploughed and 
amended with oilcakes of castor {Ricinus 
communis L.), neem/margosa {Azadirachta 
indica A. Juss.) @ 110 kg N/ha and chopped 
green tops of water hyacinth {Eichhornia 
crassipes Mart, Solms.) @ 8 ton/ha. After the 
amendments, tlic soil was irrigated for proper 
decomposition. For control of the nematodes 
the soil was treated witli urea (100 kg N/ha), 
superphosphate (55 kg P/ha), murate of potash 
(55 kg KTlia) together witli untreated plots. 
There were six replicates for each treatment. 
After two weeks, surface sterilized seeds of 
berseem were sown. 
Population of nematodes was determined 
before treatment and at the time of each 
clipping. The nematodes were isolated from 
soil by sieving arid decanting technique. First 
clipping was done after 50 days of sowing and 
subsequent cl ippings were made at the interval 
of 40 days. 
The population of different nematodes 
was adverse ly affected with different 
amendments and highest reduction was 
obtained in neem cake followed by castor 
cake, water hyacinth and inorganic fertilizers. 
Water hyacinth was not effective in improving 
the yield but it considerably reduced the 
population. The population of Hoplolaimus 
indicus increased up to 3rd clipping but 
decreased in 4th clipping followed by increase 
again in 5th clipping in inorganic fertilizers 
and water hyacinth amended soil, 3rd clipping 
in neem cake as against 3rd clipping in control. 
The population of Helicotylenchus indicus 
increased up to 4th clipping in inorganic 
fertilizers, castor cake and water hyacinth and 
3rd clipping in neem cake, oi Rotylenchulus 
reniformis up to 5th clipping in all the 
treatments as against up to 3rd clipping in 
control, of Tylenchorhynchus mashhovdi up 
to 5th clipping in all the treaUnents including 
untrcalcd control and of 'I'ylenchus filijormis 
upto 3rd clipping in all the amendments 
including the control. The most interestmg 
feature was that the increase in population o( 
Hoplolaimus indicus, Helicotylcnchus indicvs 
and Tylenchiis filiformis was obtained up to 
3rd clipping only in neem cakc. Therefore, 
neem cake not only increased the yield but 
also arrested the increase in population with 
further clippings. Although the population of 
individual nematode species, varied with 
different clippings but the population of total 
tylenchids increased with each clippping 
iTable 1). 
Perhaps, with each clipping there was 
more rooting resulting in more feeding sites 
and more multiplication of nematodes. This is 
in confirmity with population dynamics 
studies carried out by Gostenbrink (1966), 
and also with other investigations (Siddiqui, 
1986; Siddiqui & Alam, 1987; Sundarababu 
eial., 1993; Abadire/a/., 1994, Ahmad e/o/. , 
1996) where organic amendments are known 
•o reduce the nematode populations. 
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T A B L E 1. FlVecI o f ' o r g j i n i c a i n c n d m c n i s (ogcl l )cr wjj l i c l i pp in j ; on iiciiiiilodi; popii|;ili<>ii jisNDcijlccI wilJi b c t s c c m 
in field 
(Mcuii ol 6 rcplkjilcs) 
T r c j i t m c n l (irccn HxJder Nematode population per 200 u soil 
g/lia Hop Hel Rot Tyl TrU Otl> 1 otal 
I. Q i p p i n g 
Untreated 4K.00 20 20 40 1 10 90 • 60 340 
Inorg. fcrt KX.OO 10 10 20 90 50 30 210 
Castor cakc 96 00 10 10 20 50 40 50 180 
Nccin cake 100.00 10 10 20 40 30 20 130 
Water Hyacinth RO.OO 10 20 20 90 30 20 190 
Initial population - 276 160 IKO 675 300 90 1681 
C.D. ( P - 0 . 0 5 ) 61.57 48 2K 
11. Q i p p i n g 
Untreated 54.00 50 50 100 150 80 20 450 
Inorg. fcrt. 94.00 30 30 70 1X0 50 10 370 
Castor cake 102.00 40 20 30 50 40 15 195 
Neem cake 105.00 30 20 40 50 20 15 175 
Water Hyacinth 85.00 20 30 40 80 30 20 220 
C.D. (P = 0 . 0 5 ) 69.18 65 05 
HI. Clipping 
Untreated 51.00 150 216 250 10X0 90 1786 
Inorg. fcrt. 92..10 30 60 80 210 60 - 440 
Castor cakc 103.00 20 20 40 40 50 170 
Neem cake 10.3.00 40 30 50 60 30 - 210 
Water llyacinlli S.3.10 20 10 50 90 •K* : i o 
C.D. (P = 0.05) 66.32 88.58 
IV. Clipping 
Untreated 47.50 60 80 150 1250 - 20 1560 
Inorg. fert. 85.50 20 60 80 410 - - 570 
Castor cake 94.00 20 40 40 90 - - 190 
Neem cakc 97.00 10 30 50 70 - 160 
Water Hyacinth 78.00 - 40 40 70 - 150 
C.D. (P = 0 .05) 44.95 7';'>3 
- 2 4 6 -
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Trcatmenl Green fodder Nematode population per 200 g soil 
g/ha Hop Hel Rot Tyl Trh 0 t h Total 
V. Clipping 
Untreated 45.00 80 100 160 1250 50 150 1790 
Inorg. f t n . 74.00 70 50 100 530 30 80 860 
Ca.stOr c-aLe 84.00 30 40 70 130 40 30 340 
Neem cakc 88.00 20 30 60 110 40 10 270 
Water Hyacinth 71.00 40 30 130 270 50 50 570 
C.D. ( P - 0 . 0 5 ) 53.06 70.30 
Each value is an average of six fcplicatcs 
Hop- Hoplolaimus inciicus, Hel - Helicorylenchus iricJicus, 
Rot-' Horylenchulus roiifonnis. Trii Tylcfichurliytichus nui.\hhu<)(ll, 
Tyl = Tylenchus fi/i/omiis, Olh Other Tylcnchids. 
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Organic soil amendments with some non-conventional plant additives for the 
management of Meloidogyne incognita infecting tomato 
MANSOOR A. SIDDIQUI AND M. MASHKOOR ALAM 
D e p a r t m e n t o f B o t a n y , .-Migarh M u s l i m U n i v e r s i t y , A J i g a r h - 2 0 2 0 0 2 
Organic amendments m Uie form of oil 
cakes riave been used successfully for the 
control of plant parasit ic nematodes . 
Subsequently a variety of organic additives of 
plant origin have been tested for their 
suitability as nematode controlling agents 
(Muller & Gooch, 1982;-Siddiqui ,1986; 
Ahmad c/o/ . , 1993; Alam, 1993;Sundarababu 
& Sankaranarayana, 1993; Blum, 1996; 
Halbrcndi, 1996). In the present study, some 
plant residues have been evaluated for use as 
- 2 4 8 -
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T / \ B l , F . I ; l^llecl of diff'crciil plant add i t ives on growth o f t o m a t o and d e v e l o p m e n t •>( roo t -knot n e m a t o d e , Af 
incngnfia. ( M e a n of five rcpl iea tes) 
T r e a t m e n t Plant P lan t weight ( g ) P o p u l a t i o n 
part Shoot Root Total Soil Root Total Rool-Vnot 
Index 
Untreated . 6 4 (10 2) 3 .8(6.6) 10.2(16.8) 740 60 1800 5.0 
Aloe barbadensis Leaf 17 7 (19 .0 ) 11.5(12.0) 29.2(31.0) 480 10 490 1.1 
Amaranllius spinosus Leaf 16.1 (18.0) 9 .3(10.3) 25.4 (28.3) 510 20 530 1.5 
IHower 17 .M19 2) 11 0 (12 .5 ) 28.3(31.7) 350 15 365 1.1 
Ammi nin/'us l.caf 1L8(I.V:<) 7.3(8.4) 19.1 (21.7) 625 35 660 2.0 
Flower 12 9 (14.4) 9 0 (9.1) 21.9(23.5) 400 15 415 1.4 
Cymhopogon ficxuosus Leaf 18 0 ( 1 0 5) 1 0 ' ) ( l l . 2 ) 28.9(30.7) 470 25 495 1.5 
Siadhuca indica l.eaf 14.4 (15.0) 8.8(1 1.4) 23.2 (26.4) 540 30 570 14 
Flower 16.0(16.3) 9 .8(12.6) 25.8(28.9) 375 5 3 8 0 1.2 
Papcn-cr rhoeas Leaf 15.0(17.5) 6 .8(7 .0) 21.8(24.5) 600 30 6 3 0 1 9 
Flower 16.6(18.8) 7.7 (9.6) 24.3 (28.4) 410 10 420 1.2 
Ruellia lubcrusn Leaf 18.7 (20 4) 11.6(12.0) 30.3(32.4) 440 15 "455 1.4 
Flower 19 5 (21.6) 1 2 4 ( 1 3 . 3 ) 31.9 (34.9) 300 10 310 0.9 
Zinnia elegans Leaf 14.3 (17 .1) 10.0(11.2) 24.3 (28.5) 500 10 510 1.5 
Flower 15.9 (20.2) 11.1 (12.6) 27.0 (31.3) 255 15 270 1.1 
C.D. (P = 0,05) 5.05 (5.47) 83.21 0 .49 
In p a r c n l h e s e s a re given f i g u r e s for u n i n i K u l a t c d seLs 
organic soil amendments for reducing root-
k n o t n e m a t o d e , Meloidogyne incognita 
attacking tomato. 
Autoclaved soil (Ikg) filled in 15 cm clay 
pots was amended with 100 g chopped leaves 
and flowers of different plants viz. . Aloe 
barbadensis Mi l l . (Family- L i l i aceae , 
Amaranthus spinosus L. (Fam. -
Amaranthaceae), Ammi majus L. (Fam -
Umbelliferae), Cymhopogon Jlexuosus (Nees 
ex Steud) Wats. (Fara- Graminae, Madhuca 
indica Gmel. Fam.- Sapotaceae) Papaver 
rhoeas L. (Fam. - Papavcraccac), Ruellia 
tuberosa Linn. (Fam. Acanthaceae), and 
Zinnia elegans Facq. (Fam.- Compositae). 
Each treatment was replicated five times. 
After two weeks of decomposition, three-
week-old seedlings of tomato cv. Pusa Ruby 
raised in sterilized soil, were transplanted 
singly in each pot. These seedlings were later 
inoculated with 1000 freshly hatched J. of M. 
incognita. 
After 60 days of inoculation plants were 
uprooted and plant growth and root-knot index 
on 0-5 scale were detennincd. The nematodes 
were isolated by using Cobb's sieving and 
dccanting method and those from roots by 
warring blender. 
- 2 4 9 -
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It is clear from the results presented in 
Tables I thai soil amendment^ith different 
parts of chopped leaves and^flowers brought 
about significant jnhibition to the rooMg^ot 
Bevelopment and nematode_popujatign^By 
and large, the treatments of chopped flowers 
were more cj i^t ive than leaves (Table 1). 
The root-knot development caused by 
M. incognita was also significantly reduced as 
a result of organic amendments 
For tomato, amongst the leaves of 
different plants, highcs{ reduction in root-
knot uidex. was obser\'ed in the soil amended 
with leaves o(A lae barbadensis (1.1) followed 
by MacUmca indica, Ruellia luberosa (1.4), 
Zinnia elegans, Amaranllius s/iinosiis (1.5), 
Cymbopogon flexuosus (1.5), Papaver rhoeas 
(1.9) and Ammi majus (2,0) as against 5.0 in 
the untreated -inoculated control. Amongst 
flowers, highest reduction in root-knot index 
was observed in case of soil amendment with 
Ruellia tuberosa ( 0 , 9 ) f o l l o w e d by 
Amaranthus spinosus and Zinnia elegans 
(1.1), Madhuca indica, Papaver rhoeas and 
Ammi majits (1.4) as against 5.0 in untreated 
-inoculated control. 
Amongest leaves and flowers of different 
plants, highest increase in plant growth was 
observed in case of soil amendment with 
Ruellia tuberosa f o l l o w e d by Aloe 
barbadensis, Cymbopogon flexuosus. 
Amaranthus spinosus, Zinnia elegans 
Madhuca indica, Papaver rhoeas and Ammi 
majus. The differences in the efiloacy of parts 
of various plants used ir. improving the plant 
growth and reduction in nematode population 
may be due to different toxic principles. These 
results are in conformity with muller & Gooch 
{1982), Siddiqui & Alam, (1987) and Siddiqui 
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Integrated Control of Plant Parasitic Nematodes with Organic 
Soil Amendments /Nematicides and Ploughing on Okra 
M A SIDDIQUI and M M ALAM 
Department of Botanu, Aligarh Muslim University, Ahgarh 2 0 2 0 0 2 
(Recei\'ed on 24 February 1997; after revision 9 Septemberl997; Accepted on 31 December 1997) 
In a held experiment, oil-seed cakes of castor, margosa/nfCMi, grounanut, mustard, rocket-
salad/ Dum: and the nematicides v iz, aldicarb and carbofuran were found highly effective against 
plant parasinc nematodes i nhab i t ing the rhizospfiere of lady-fmger/ okra {Abchnoschns csciilciUu< 
Moench.) c\ Pusa Sawani' . Thie test nematicides were found slightK more effective than the 
oil-seed cakes Compost manure failed to reduce the population buiid-up of nematodes. Deep 
ploughing (4-0 cm Deep) was found to be a limiting factor against the population bui ld-up 
of the nematodes. The growth of plants was better in beds receiving deep ploughing treatment. 
It was furthier promoted when deep ploughing was combined with the soil application of oil 
seed cakes/nematicides. 
The residual effect of oil-seed cakes and nematicides persisted even after a lapse of six 
months, as they remained effective against plant parasitic nematodes in the subsequent crop, 
tomato {Li/copersicon c<cu!cutum Mill.) cv. 'Pusa Ruby'. 
K e y W o r d s : I n t e g r a t e d p e s t m a n a g e m e n t , O i l - S e e d c a k e s , N e m a t i c i d e s , N e m a t o d e 
c o n t r o l . P l o u g h i n g , P l a n t G r o w t h , O k r a , T o m a t o . 
I n t r o d u c t i o n 
The trend in nematode control is to 
decrease the use of conventional chemical 
p e s t i c i d e s b e c a u s e t h e y c r e a t e 
environmental pollution, hazardous in 
nature. The oil-seed cakes have s h o w n 
great p r o m i s e in the n e m a t o d e 
management strategies (Siddiqui 1986, 
Sasser & Freckman 1987, Siddiqui & A l a m 
1987, Nico lay & Sikora 1989, Stirling 
1989, A lam 1990, Siddiqui et al. 1990, 
Castagnone & Kemarrec 1991, Smith 
1992, Siddiqui 1993). However , these 
attempts have been only targeted to 
normal agricultural practiccs. The work 
carried out in the present paper is the 
part of an effort to understand the effect 
of oil seed cakes / nematic ides integrated 
with p loughing against plant parasitic 
n e m a t o d e s a t t a c k i n g okra . T w o 
n e m a t i c i d e s w e r e i n c l u d e d for the 
comparison with oil-seed cakes. The 
eff ic iency in two tillage reg imes for 
getting max imum benefit vis-a-vis plant 
parasitic nematodes w a s invest igated. 
We have also investigated the residual 
effect of these treatments in the subsequent 
crop. 
M a t e r i a l s and M e t h o d s 
A f i e ld w a s s e l e c t e d h a v i n g h i g h 
populat ion densities of plant parasitic 
n e m a t o d e s v i z . , Hoplolainnis indicus 
S h e r , Helicot\jlenchus indiciis S i d d i q i , 
- 2 5 1 -
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Rohjlaichidus reni/ormi'sLintord (kOliveira, 
Tylenchorhyrxhus brJssicacSiddiqi.Ti/lcuchus 
ftliformis But sch l i a n d Mcloidogync incognita 
(Kofoid & White) Chinvood and was 
thoroughly ploughed. The field was 
divided into two parts, the one receiving 
normal (20 cm deep) while the other deep 
ploughing (40 c m deep) treatment. Both 
the parts were divided into beds of 9m' 
size. A buffer zone of 0.5 m was also 
left between the beds. In both the cases, 
the beds were given the fo l lowing 
treatments : inorganic fertilisers urea (@ 
55 kg N/ha) , superphosphate (@ 55 kg 
P/ha) and potassium chloride (@ 55 kg 
K/ha), organic soil amendments, compost 
and oil seed-cakes of margosa / nceiti 
(Azadirachta indica Juss) , c a s t o r {Ricinus 
communis L.j, m u s t a r d (Brassica cnmpestris 
L.), r o c k e t - s a l a d / duan (Eruca suitiva Mi l l . ) 
a n d g r o u n d n u t (Arachis hypogca L.) © 1 1 0 
kg N / h a a n d n e m a t i c i d e s , v i z , 
carbofuran/ Furadan-3G (2,3-dihydro-2, 
2 - d i m e t h y l - 7 - b e n z o f u r a n y l m e t h y l 
carbamate) and aldicarb / Temik-lOG 
( 2 - m e t h y l - 2 - ( m e t h y l thio) p r o p i o n -
aldehyde-0-(methyl carbamoyl) oxime @ 
1 kg a.i . /ha. The untreated beds served 
as controls . I m m e d i a t e l y after the 
treatments the beds were watered for 
ensuring proper decomposi.tion of the 
treatments. There were three replicates 
for each treatment arranged in randomized 
block d e s i g n . T h e s e e d s of okra 
{Abclmoschus csculcntus Moench.) were 
sown after two weeks. 
The nematode population before the 
treatment and three months after sovvfing 
was determined from each bed with the 
help of Cobb's s ieving and decanting and 
Baermann's funnel techniques (Southey 
1986). The root-knot index on 0-5 scale 
of Taylor and Sasser (1978) v.-as 
determined. Plant growth (fresh weight 
of shoot and root) was noted. 
For the studies of residual effect the 
beds of the first experiment were again 
thoroughly ploughed (normal and deep) 
immediately after the termination of the 
first experiment and then half dose of 
inorganic fertilizers (urea @ 55 k g N / h a , 
superphosphate and potassium chloride 
@ 27.50 kg P, K per ha) were incorporated 
into the soil. After these treatments 3-
week-old seedlings of tomato {Lycopcrsicofi 
esuclcntiim Mill.) cv. 'Pusa Ruby' were 
transplanted. 
The population of plant parasitic 
nematodes, root-knot index and plant 
growth was done in the same manner 
as described above in the case of first 
experiment. 
R e s u l t s 
The results summarized in tables 1 and 
2 clearly show that the multiplication rate 
of the population of plant parasitic 
nematodes was very high in untreated 
beds, in beds treated with inorganic 
fertilizers and compost but very low in 
those treated with oil-seed cakes and 
nematicides. Deep ploughing (40 cm) 
brought about significant reduction in 
nematode population and its efficacy 
enhanced when it was combined with 
oil-seed cakes / nematicides than either 
of them (table 1) o i l - s e e d c a k e s / 
nematicides remained also effective in 
soil against nematode population for 
longer durations even in preceding crop, 
tomato (table 2). Population of Mcloidogync 
incognita, Rotylcnchulus rcniformis a n d 
Tylcnchorhynchiis brassicac in u n t r e a t e d 
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IntegT.itcd Co-::'-ol of Phut Parantic Nematodes 
b e d s r e m a i n e d h i g h w h i l e t h o s e of 
Hoplolaimus- indicus, Hclicotylenchus inciicns 
a n d Tylenckiis filiformis r e m a i n e d low. 
T h e p l a n t g r o w t h in t e r m s of w e i g h t 
of s h o o t a n d r o o t w a s m o r e i n so i l 
a m e n d e d w i t h o i l s e e d c a k e s a n d 
n e m a t i c i d e s . T h e l a t t e r b e i n g s o m e w h a t 
m o r e e f f e c t i v e a n d t h e c o m b i n a t i o n of oi l-
s e e d c a k e s / n e m a t i c i d e s w i t h d e e p 
p l o u g h i n g p r o d u c e d m u c h h e a l t h i e r p l a n t s 
( t a b l e 2). It a p p e a r s f r o m t h e r e s u l t s t h a t 
r e d u c t i o n in n e m a t o d e p o p u l a t i o n d u e to 
d i f f e r e n t t r e a t m e n t s is d i r e c t l y c o r r e l a t e d 
to t h e i m p r o v e m e n t of p l a n t g r o w t h . 
D i s c u s s i o n 
O u r r e s u l t s w i t h r e s p e c t to t h e e f f e c t of 
o i l - s e e d c a k e s a r e in g e n e r a l c o n f o r m i t y 
w i t h t h o s e of S i n g h a n d S i t a r a m a i a h 
(1971) a n d A l a m (1989). T h e e f f ec t of 
d u a n / r o c k e t - s a l a d w a s r e p o r t e d f o r t h e 
f i r s t t i m e . T h e d e c r e a s e in p o p u l a t i o n of 
p l a n t p a r a s i t i c n e m a t o d e s e v e n in t h e 
p r e c e d i n g c r o p ( t a b l e 2) m a y b e d u e to 
t h e s l o w d e c o m p o s i t i o n p r o p e r t y of oi l-
s e e d c a k e s w h i c h r e s u l t s in t h e r e l e a s e of 
n e m a t o - t o x i c s u b s t a n c e s f o r a l o n g e r 
t i n i e . T h e s e r e s u l t s a r e i n g e n e r a l 
a g r e e m e n t w i t h S i n g h a n d S i t a r a m a i a h 
(1966) a n d A l a m (1990). 
M a n y t h e o r i e s h a v e b e e n p u t f o r w a r d 
b y d i f f e r e n t w o r k e r s to e x p l a i n t h e 
p o s s i b l e m e c h a n i s m of n e m a t o d e c o n t r o l 
b y t h e a p p l i c a t i o n of o i l - seed c a k e s t o t h e 
s o i l . A f t e r e x t e n s i v e w o r k o n t h e 
m e c h a n i s m of o i l - s e e d cakes , A l a m e t al . 
(1979) p o m t e d o u t t h a t o i l - s e e d c a k e s 
u n d e r g o d e c o m p o s i t : o n a f t e r i r r i g a t i o n 
R e f e r e n c e s 
A h n u d R, Khan A M and Saxcna S K 1972 Changes 
resultin>5 from amending the stiil with oil-
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a n d re l ease m a n y c o m p o u n d s l ike p h e n o l s , 
a l d e h y d e s a n d d i f f e r e n t g a s e s i n c l u d i n g 
a m m o n i a a n d f a t t y ac id ( S i t a r a m a i a h & 
S i n g h 1978). In vitro all t h e s e c h e m i c a l s 
w e r e f o u n d h i g h l y e f f e c t i v e in k i l l i ng 
p l a n t pa r a s i t i c n e m a t o d e s ( W a l k e r et al . 
1967, A l a m et al . 1982), o r g a n i c o i l s 
(Mi l le r 1979), nccni c h e m i c a l s ( S i d d i q u i 
& A l a m 1990) a n d o r g a n i c n i t r o g e n in t h e 
f o r m of a c t i v a t e d s l u d g e (Saka 1978, 
H o r n i c k et al. 1984) w e r e f o u n d h i g h h -
d e l e t e r i o u s to p l a n t p a r a s i t i c n e m a t o d e s . 
T h e y a lso i nh ib i t t h e j u v e n i l e h a t c h i n g 
p r o b a b l y b e c a u s e t h e y c o n t a i n v a r y i n g 
a m o u n t s of p h e n o l s , a l d e h y d e s a n d o t h e r 
tox ic c h e m i c a l s of u n k n o w n c o m p o s i t i o n 
( K h a n et al. 1974, A l a m et al . 1979). 
T h e o i l - cakes a l so c h a n g e t h e p h y s i c a l 
a n d c h e m i c a l p r o p e r t i e s o f t h e s o i l ( A h m a d 
e t a l . 1972) w h i c h r e n d e r s t h e s o i l 
a t m o s p h e r e u n f a v o u r a b l e f o r n e m a t o d e 
ac t i v i t y a n d i m p r o ' . ' e s soil c o n d i t i o n s fo r 
g r e a t e r roo t g r o w t h , t h e r e b y i n c r e a s i n g 
t h e u t i l i z a t i o n of soil n u t r i e n t s . 
Bes ides , t h e o i l - s eed c a k e s w e r e m n o 
w a y in f e r io r to t h e n e m a t i c i d e s u s e d , 
t h o u g h the l a t t e r h a d a s l i g h t e d g e o v e r 
t h e f o r m e r 
T h e c o m b i n e d e f f ec t of o i l - seed cakes , 
n e m a t i c i d e s a n d d e e p p l o u g h i n g w a s 
f o u n d m o r e e f f e c t i v e t h a n t h e o i l - seed 
c a k e s / n e m a t i c i d e s a p p l i e d in n o r m a l 
p l o u g h e d b e d s . S i n c e the d e e p p l o u g h i n g 
d i s t u r b s t h e e c o l o g i c a l set u p of n e m a t o d e s 
w h i c h a r e e x p o s e d t o e x t e r n a l 
u n f a v o u r a b l e c o n d i t i o n s a n d t h u s t he i r 
p o p u l a t i o n d e c l i n e s ( K h a n & S a x e n a 
1980). 
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E V A L U A T I O N OF CHEMICAL PESTICIDES AGAINST THE R O O T - K N O T 
N E M A T O D E ON AUBERGINE 
Mansoor A Siddiqui, MF Azam and SK Saxena 
Depar tment of Botany. Aligarh Musl im Universi ty. 
A l iga rh . 202 002, India 
K e y w o r d s : Pesticides, control, MeloicJbgyne incognita, aubergine. 
I n t r o d u c t i o n 
Eggp lan t , an important e c o n o m i c vege tab le is s e v e r e l y damaged b y t h e roo t -knot 
nematode , Meloidogyne incognita. (Kofo id & White) Chitwood with crop loss upto 
27.3% (2) . Soil treatment with nemat ic ides e l immatesthe namatode but cost ly . It 
IS poss ib le that the treatment of soil nursery plots with chemicals, where seedl ings 
are ra i sed might reduce the cost invo lved. The present studies invest igated the 
nursery plot treatment. 
M a t e r i a l s and Methods 
Nemat ic ides, Carbofuran / Furadan, 3G, 2 ,3-dihydro-2, 2-dimethyl benzofuran-7-
y l -methy l carbamate. Bayer Co. a t 0 . 3 g a . i .m" ' : Ethoprophos / Mocap. 10G, O-
ethyl S,S-d ipropy l phosphorodithioate, Mobi le Chemical Co., Fenamiphos / 
Nemacur , lOG, ethyl4-methyl th io-m-isopropyl phosphoramidate, Baychem Corp. , 
and Phora te /Th imet , 10G, 0 , 0 - d i e t h y l S-ethy l thiomethyl phosphorod i th ioate at 
0,3 g a . i .m-and 0.6g a.i.m"^ were mixed wi th upper 5 cm soil of the plots (1.0 m^). 
Un t rea ted plots served as check. Seeds of aubergine {Solanum melongena L.) 
cv. ' P u s a Purple Long'were sown at 600 seeds per plot on 1 October, 1990. 
Rout ine agronomic practices were app l i ed to all plots. There were four rep l ica tes 
for e a c h treatment. The arrangement of plots was a randomized block des ign . 
Thir ty days after sowing the plant s tand was recorded and the 25 seed l ings per 
rep l ica te plot were transplanted separa te ly to plots having a populat ion of 21 5 
larvae of M. incognita per 200 g soil. The populat ion of M. incognita l a rvae was 
determinedfo l low ing Cobb's sieving and decant ing alongwith Baermann's funne l 
techn ique (3), The roc's of plants used for transplantat ion were examined by eye 
were f o u n d to be free from rootga l ls . Af ter 45 days of transplantat ion, the p lants 
were uproo ted and examined for root -knot ga l ls . fresh weight of plants and y ie ld 
per p lo t . The total harvest of fruits we ighed for yield per plot which was later 
conve r ted to yield per hectare. The roo t -knot severity was determined o n 0-5 scale 
(4). 
R e s u l t s 
The resu l t s (Table 1) showtha t t rea tment of soi l with nematicides in nursery p lots 
improved the plant stand and plant we igh t of aubergines grown there. W h e n 
t rea ted seedl ings were t ransplanted to in fested soil an increase in y ie ld was 
ob ta ined . Treatment of soil with Fenamiphos at the highest dosage a n d 
Carbo fu ran were more effective in improv ing plant growth, plant stand and 
reduc ing root-knot galls in t ransplants f rom treated plots. 
A s ign i f i cant increase in y ie ld of p lan ts was observed in seedl ings ra i sed in 
nursery plots treated with Phorate a n d Fenamiphos atthe highest dosage used 
and w i t h Carbofuran. Seedlings ra ised in soi l treated with nemat ic ides rema ined 
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T a b i c 1. Evaluat ion of ncmnticidc treatments for control of the root-knot n e m a t o d e 
iMeloidotrvne incopnila) on a u b e r g i n e 
F r e s h M e a n 
N e m a t i c i d e Trca tn ienu Number Pbint No. of Final Yield Yield 
of Plants weight root- root- of of 
D o s e per (Shoot galls gall Plants plants 
(g a.i . nurser)' and per index /plot /ha 
m - ) bed root) 
ig) 
plant 0<g) (q) 
Carbofiiian 0.3 275 34 22 2.8 4.4 147.7 
Etlioprophos 0.3 220 21 48 3.8 3.0 101.0 
0.6 251 28 40 2.5 3.6 121.0 
Fenamijihos 0.3 245 29 35 3.0 3.9 127.7 
0 .6 295 36 15 2.5 4.9 162.0 
Pliorate 0 .3 214 24 37 3.5 3.9 130.0 
0.6 262 30 28 3.0 4.2 138.7 
Uiureated Check 195 19 115 5.0 2.5 81.7 
SF-D(21df;r>-0 05) 22.3 2.8 8.9 0.5 1.5 -
f r ee f rom in i t ia l and subsequent infection with root-knot nematode when seed l ings 
were t ransp lan ted in nematode infested soil. 
D i s c u s s i o n 
The auberg ine seedl ings raised in beds t reated wi th nematicides were found m u c h 
heal th ier as some resistance developed inside the root due to the absorpt ion of 
nemat ic ides (1) The treatment of soil in nursery beds is effect ive in control l ing the 
root-knot nematode. The present f indings are of pract ical use as the cost of 
nemat ic ide t reatments is likely to be greatly reduced 
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EVALUATION O F R O O T DIP TREATM ENTSW TTH NEMATICIDES ON 
D E V E L O P M E N T O F R O O T G A L L (MELOIDOGYNE INCOGWrTA) IN TOM A TO 
AND AUBERG IN E 
M aiisoorA .SxidiqutM FAzam andSK Saxaia 
D ^ a r t m entof Botany.A^^attiM uslin Universfe ' 
A l ^ a i h -202002, Ihdia 
K eywords: A ubeigine, tom arx),M e l o i l o g y i i e mcognia,chem ra l s , r o o c d p , conODL 
I n t 2 x x a u c ± D n 
TherDot4aiotnematD'ae,M eloxiogyiie iicognitB (Kofoii& W h±E) Chiw ocd iscontrollsd 
by nem at±ddes (3) .The cost involved in t iea t i ig tiie soilw ith chem icalishigh .H ov; e^v^er, me 
quantity of the chem iralsusad in r o o t d p treatm ent isvery gn aJLTherefoiE, in the present 
investigation, ti^eefficacy of treating tiiessedlingsof aubergine and tDm ato v; id-iaq-ueous 
soi i t ionsof nsTi atici:iesw ast&^ed . 
M a t e r i a l s a n d M e t h o d s 
The seeds of aubergine (Solar.um melogenaL .) c\'. " P u s Puipfe long'and trjmatD 
•Lycopersicon iycopersicum CL j K axsten) cv. ~Pusa Ruby "w ere sow n in stsriiized soilin 
eaxthenw are p o t s (20cm d3m ecer) on 1 0 ctDber, 1990 .Tw entydaysoM seedlings w eiE 
washed w itii steiilizedw a te randd i jped inw a t e r s o l a t o n s o f Caibofiaian/t\iradan, 10^ , 
2 ,3 -di iydro -2 , 2 - d in etliy]Jbenzo fiaiHn-7 -yl-m ethyIcaibam ats, B ayerC o . atO 3g a i 
10Om Fensn phos/t^ em acur, 15 G , ethy 14 -m etriylthx) -m -tofyl isDpiopyl 
p h o ^ h o r a n iiace,Baychem Co .andPhoiatB /rhinet, 15G ,0,0-diethyls-ethyItiixxn e thyl 
pho£phorDdith±)atE I5G atO A5g a i 100 m I^and 0 30g ailOOm I^, and E thopiDphos/ 
M ocap, 1OG ,0 -etliylS , S - dpropylpho^horodi t i i ioa tE , M obiLC here x^alC o . atO J. ga ± 
h . Seedlingsdi^oed in sterilized vj aterserved ascontooLThersv; eiH L^ur 
rsplicaties fcreach treatm ent .The anangem en to fo jo t sw as random izedbtod-c design. 
Tw enty five seed l i n g s pe r replicate w e i e u ^ d in each plot . A fiErdpping, ^ s d l i n g s w ere 
transpiantBd n p J o t s (2 J.5m ^ w h i± ineedhghpopu]a t iono f l a r / aeo f thecDotkiioi: 
nematode,M . i icogni ta .Thepopuiat ioncfM . i i i c o g n i t a l a r / a e w a s d e G e m \ i n e d ibliow r i g 
C obb fe 
sieving aiid dcKianting m. echod atong w ith B aeiit\ annS fiinneltschnirue (4! .A _j=r'DO 
days ftDm transpiantacbn the m ature fruitsw ere harvestsd and w eighed to detsrm ine ~>e 
y i= ]dpe rp ]o t .The r D O t - k n o t 3 i f e a ± > n w a s a s ^ s ^ o n O - 5 scaje (5) oO days a S s r 
t r an^ lan ta tbn . 
R e su i t s 
-M ostnem atic ides tested s ignifrsntfy inc rea^d ofaubergine and torn ato ana a t the 
sam e tin e reduced tlie roocgallfciin at±)n CTable 1) .A Ithoughyield i^oEaaesw ere 
s ^ i f i c a n t in a l l treatm ents.- t i iegrsatBst inciEa^ in y ^ l i of botli torn ato and aubergr .e w ei5 
observed 11 seedlingstzeatedw i h F e r ^ p h o s a t O 3 0 g a i l 0 0 m LTheDootgal lfcrn ation 
on tomatEDw a s s^a f i can tV reduced when seedlings w ere treatBdw itii Fenarn i p h o s a t O 30c 
a a. lOOm ow everaubergine seedlingsw ere Dsated w ithbothC adx)fiarEin and 
Fenam iphosatO 3 0 g a i l 0 0 m I ' ^ave thebes t con t rDlo f roo tga l l fDmac ion . 
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T ^ l e . l . E v a l u a t i o n o f r o o t - d i p t r e a t m e n t s a g a i n s t r o o t k n o t { M e l o i x 3 o g y n e i n c o g n i t a . ) 
d e v e l o p m a n t a n d y i e l d o E a u b e r g i n e a n d t o m a t o 
N e m a t i c i d e T r e a t m e n t s A u b e r g i n e T o m a t o 
R o o t Y i e l d R o o t Y i P l d 
D o s e G a l l (kg) QRII (Kg: 
( g a . i . I n d e x I n d e x 
1 0 0 m l " ! ) 
C a ± ) o f i j i i a n 0 3 2 3 4 . 8 1 2 . 7 4 . 0 1 
E t l i o p r o p h o s 0 . 1 3 . 0 3 2 3 3 . 7 -> - _ J - . 1 - . 
II 0 2 2 . 8 4 . 0 7 3 . 0 3 . 65 
F a i a m p h o s 0 . 15 3 . 0 4 .12 3 . 0 ') c . ~ 
0 3 0 2 . 0 5 . 6 7 2 3 4 s ; 
P h o r a t E 0 0 , 5 3 . 0 3 . 0 1 3 . 0 2 5 = 
II 0 3 0 2 . 8 4 2 2 2 . 7 3 . 7 1 
U n n e a t R i 
t S t E r i l i ^ w a r p r ) 5 . 0 2 J . 5 . 0 2 . c : -
S E D ( 2 l d f ; P = 0 . 0 5 ) 0 5 0 . 5 0 2 0 . 6 E 
D i s c u s s i c n 
T l i e y i e l d r B s p c n s e o f a u b e r g i r e a n i t a T B t o r e s u l t i r g f r m d i p t x e a t n C T t s w i t h n e m a t i c i 
( x u l d b e r e l a t e d t o r o o t - k r c t r E n n a t a j e c c n t r o l (2) . T h e n a r a t i c i d e i n t h e t i s s u e o o u l d 
d i r e c t l y a f f e c t t h e p a n e t r a t i r g l a n r a e o r i r d i r e c t l y a f f e c t t h e p r o c b c t k n o f p h e r o l i c s i n a 
p l a n t s ( 1 ) . T h e s e f i n d i n g s r c e y g o a l o n g w a y a s i n t r a n ^ l a n t e d c r c p s l i k e t o r a t o a n d 
a u b e r g i n e t h e o o s t o f r e n a t i c i c f e t r e a t m e n t c c u l d b e r e d u o e d b y d i p p i r ^ p l a n t s i n n e n B t i c i r r 
p i ^ r t o t r a n g i l a n t i r g . 
A c k n o w l e d g e r o e n t 
T h e r e s e a r c h w a s f i n a i K s d i n p e r t b y a g r a n t r r e d e b y t h e A l l I n d i a O o o r d i n a t e d R e s e 
E t e i j e c t v M c h i s g r a t e f u l l y a c k r c w l e c ^ . 
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ROO r-KNOT AND RENIFORM NEMATODES MANAGEMENT 
BY BARE ROOr DIP TREATMENTS WITH SOME PESTICIDES 
ON TOMATO AND EGG PEA NT 
Mansoor A. Siddiqi i i 
IJcparlmcnl of IJolany, A l igarh M u s l i m Univers i ty , 
AU ; j , a rh-202iJ02 , l iKl i , i . 
A b s t r a c t : S t u d i e s have been made to d e t e r m i n e the e f fec t of bare root d i p t r e a t m e n t ol 
t o m a t o a n d e g g p l a n t with s o m e c h e m i c a l s to m a n a g e the t w o i m p o r t a n t n e m a t o d e s p e c . e s 
D u r i n g the c o u r s e of inves t igat ions it w a s o b s e r v e d that the bare -roo t d i p in c h e m i c a l s 
h o s t a t h i o n , p o s s e and rugby caused s i g n i f i c a n t i n h i b i t i o n in the root penetrat ion of s e c o n d 
s t a g e j u v e n i l e s of the root-knot n e m a t o d e , Meloidop/tic inco^nila (Kofo id & W h i t e ) Chit^-.'ood 
( T y l e n c h i d a : Mcloido^ytiidae) a n d the s u b s e q u e n t root g a l l i n g a n d a l so t h e p o p u l a t i o n 
b u i l d u p of t l io reni form neniatode , R o t y l e n c h u l u s renifonnis Liuford L Ol iveira (T\ i c n c h t d a : 
Hoploliunudiic) on tomato , Lycopersicou csculaluiii (L . ) K a r s t e n cv . ' P u s R u b y ' i S o l a n a i e s : 
Solayinccnc) a n d e g g p l a n t , Solanum inclongenn L . cv . ' P u s a P u r p l e L o n g ' ( S o i a n a ' i e s 
S o l a n a c e a e ) . The bare root d i p t r e a t m e n t s i g n i f i c a n t l y m a s k e d the n e m a t o d e d a m a g e to 
the p l a n t s a n d c o n s e q u e n t l y the plant g r o w t h i m p r o v e d . The r o o t - k n o t d e v e l o p m e n t a n d 
t h e p o p u l a t i o n of the r e n i f o r m n e m a t o d e s w e r e g r a d u a l l y d e c r e a s e d w i t h an i n c r e a s e 
in t h e c o n c e n t r a t i o n of the test c h e m i c a l s a n d t h e d u r a t i o n of t h e root d i p t r e a t r r . e n t . 
K e y w o r d s : r o n i a t o , e g g p l a n t , Rot^lcnclius renifonnis, tAeloidogyne incognita, h o s t a t h i o n , 
p o s s e , rugb\ ' , bare -roo t j i ip t r e a t m e n t , n e m a t o d e m a n a g e m e n t . 
I N T R O D U C T I O N 
N e w n e m a t i c i d e s a r e n e e d e d t o p r o v i d e d s a f e r a n d d i r e c t a p p l i c a t i o n of 
c h e m o t h e r a p e u t i c m e a s u r e s to n e m a t o d e i n f e c t e d p l a n t s . The n e m a t i c i d e s h a v e been m a i n l y 
u s e d w h e r e the p o p u l a t i o n of n e m a t o d e is v e r y h i g h or to i n t e g r a t e w i t h other c o n t r o l 
m e a s u r e s ( A l a m ei al. 1981, Fest & S c h m i d t , 1982, R o d r i g u e z - K a b a n a et nl. , 1982; G u p t a et 
al.. 1 9 8 9 a n d Pate l el al., 1992) . It w a s c o n s i d e r e d d e s i r a b l e to c o n t i n u o u s test p e s t i c i d e s 
for t h e i r e f f i c a c y a g a i n s t the n e m a t o d e s . H e n c e , in t h e p r e s e n t i n v e s t i g a t i o n s an a t t e m p t 
h a s b e e n m a d e to test the n e u d v r e c o m m e n d e d c h e m i c a l s v i z . , H o s t a t h i o n , p o s s e a n d 
r u g b y t o i n d u c e p l a n t r e s i s t a n c e a g a i n s t t h e t w o i m p o r t a n t n e m a t o d e s v i z . , the 
e n d o p a r a s i t e ) a n d the r e n i f o r m n e m a t o d e , Rotylcnchus reniformis f s e m i e n d o o a r a s i t e ) 
MATERIALS AND M E T H O D S 
T n a z o p h s / H o s t a t h i o n - 4 0 E C ( 0 , 0 - d i e t h y l 0 - 1 - p h e n\ ' i - 1 , 2 , 4 -1 ri a z o l - 3 - y 1-
p h o s p h o r o t h i o a t e ) , c a r b o s u l f a n / P o s s e - 2 5 EC ( 2 , 3 - d i h y d r o - 2 , 2 - d i r r>ethy lbenzQfuran - 7 -
yl ( d i s b u t \ ' l a m i n o t h i o ) m e t h \ - l c a r b a m a t e a n d r u g b y - 1 0 ( S , S , - D i - s e c - b u t v l - e t h y l 
p h o s p h o r o d i t h i o a t e ) w e r e m i x e d w i t h d i s t i l l e d w a t e r in quanVi tv so a s to o'rtair. 1,1C 
a n d 1 0 0 p p m . 
R o o t s of t h r e e - w e e k - o l d s e e d l i n g s of t o m a t o a n d e g g p l a n t g r o w n in s t e r i l i z e d 
s o i l , w e r e d i p p e d in d i f f e r e n t c o n c e n t r a t i o n s of H o s t a t h i o n , p o s s e a n d rug'r\' f o r 1, 2 
a n d 3 h o u r s . P l a n t s w i t h o u t d i p t r e a t m e n t s e r v e d a s c o n t r o l . Each t r e a t n i e n t w a s 
r e p l i c a t e d s ix t i m e s , .'\fter d i p t r e a t m e n t , t h e r o o t s u 'ere w a s h e d w i t h water a n d the 
s e e d i n g s w o r e t r a n s p l a n t e d to 15 c n i c lav p o t s c o i i t a i n i n g 1 k g s t e r i l i z e d r . - i n u r e 
n i i x t u i e l-^Tch s e c l d i n g w a s tiiL-n i n o c u l a t e d 1000 s p e c i r . - e n s of th; rer-forr.- . 
rrOiOL-dui;;-. ,i( i!u' 1 h u i i ln'.i-: ;',.ition,\l Syn\po.':'.;r,'. iif ! r o -A- . i j r . S o c i c l y of I \ 'cni . i lo io-^is ls . A p n i ir- '^S. C ' j i r n b ; " - : 
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n e m a t o d e , or 2 n d s t a g e j u v e n i l e s of U\o r o o - k r o l n e m a t o d e , s e p a r a t e l y . Af ter 3 m o n t h s , 
t h e p l a n t s w e r e c a r e f u l l y u p r o o t e d , w a s h e d a n d p lant g r o w t h and roo t -knot i n d e x ( o n 
0 - 5 s c a l e of T a y l o r a n d Sasser, 197H) w e r e d e t e r m i n e d . In c a s e of R. rciiifoniuf., t h e 
f i n a l p o p u l a t i o n w a s d e t e r m i n e d by u s i n g C o b b ' s s i e v i n g a n d d e c a n t i n g t e c h n i q u e 
( S o u t h e y 1970) . R e p r o d u c t i n factor (R) w a s c a l c u l a t e d b y d i v i d i n g the f inal popui-^.tion 
w i t h t h e in i t ia l p o p u l a t i o n (P , /P , ) ( O o s t e n b r i n k . 1966) . 
For larval penetrat ion, root d i p treatment w a s g i v e n as a b o v e . Then the roots vvere 
w a s h e d a n d the s e e d l i n g s w e r e t r a n s p l a n t e d s i n g l y to 5 c m clay po t s c o n t a i n i n g 
t h o r o u g h l y w a s h e d river sand. T h e p l a n t s w e r e i m m e d i a t e l y i n o c u l a t e d w i t h 1003 
f r e s h l y h a t c h e d 2nd stage juveni l e s of M. iucogitita. T h e incou la ted s e e d l i n g s --.ere 
r e m o v e d after 72 h o u r s . Root s u r f a c e a n d the s a n d w e r e w a s h e d and the r e m a i n i r . g 
l a r v a e of t h e n e m a t o d e , w h i c h c o u l d not h a v e p e n e t r a t e d , w e r e i s o l a t e d by u s i n g 
C o b b ' s s i e v i n g a n d d e c a n t i n g m e t h o d a n d t h e i r n u m b e r s d e t e r m i n e d . A f t e r d e d u c t i o n 
of t h i s f i g u r e f r o m the init ial i n o c u l u m l e v e l , t h e n u m b e r of l a r v a e that h a - o 
p e n e t r a t e d w a s d e t e r m i n e d . 
RESULTS 
B a r e - r o o t d i p in the c h e m i c a l s of h o s t a t h i o n , p o s s e a n d r u g b y s i g n i f i c a n t l y r e t a r d e d 
the p e n e t r a t i o n of the 2nd s tage j u v e n i l e s of t h e r o o t - k n o t n e m a t o d e in to the root s o i 
s u s c e p t i b l e p a ' n t s , t o m a t o and e g g p l a n t (Table 1). T h e s u b s e q u e n t root -gal l d e v e l o p m e n t 
w a s a l s o i n h i b i t e d s i g i f i c a n t l v (Table 1). the p e n e t r a t i o n s d e c r e a s e d s i g n i f i c a n t ! v w r . n 
a n i n c r e a s e in the c o n c e n t r a t i o n of the c h e m i c a l s a n d the d i p d u r a t i o n . 
B o t h t h e te s t n e m a t o d e s s i g n i f i c a n t l y r e d u c e d t h e p l a n t g r o w t h (Tables 1-2), b u t 
b a r e - r o o t d i p r e a t m e n t in the c h e m i c a l s s i g n i f i c a n t l y m a s k e d t h e n e m a t o d e d a m a g e :o 
t h e p l a n t s b y w a y of r e d u c i n g the r o o t - k n o t d e v e l o p m e n t a n d t h e p o p u l a t i o n b u i l d - u p 
of R. reniformis (Tables 1-2) . Root g a l l i n g c a u s e d b y M . incognita a n d the p o p u l a t i o n s o : 
R. reniformis w e r e g r a d u a l l y d e c r e a s e d w i t h a n i n c r e a s e in t h e c o n c e n t r a t i o n of t h e 
c h e m i c a l s a n d the d i p d u r a t i o n (Tables 1 -2 ) . 
D I S C U S S I O N 
F r o m the a b o v e resul t s , it can be c o n c l u d e d that the c h e m i c a l s tes ted i n d u c e d 5om.e 
r e s i s t a n c e in t o m a t o a n d e g g plant a g a i n s t M.incognita a n d R.reniformis. The poor r o o 
k n o t d e v e l o p m e n t c o u l d be at tr ibuted to p o o r p e n e t r a t i o n ( S i d d i q u i .A.lam, l9SSi a n a 
la ter r e t a r d a t i o n in d i f f e r e n t ac t iv i t i e s of the 2 n d s t a g e j u v e n i l e s s u c h as f e e d i n g a n c rr 
r e p r o d u c t i o n as s u g g e s t e d by Bunt (1975) . T h i s p e h n o m e n o n m i g h t ha \ e a l s o h . ippen- ; i 
in c a s e of R. reniformis w h e r e the p l a n t s d i d n o t s u p p o r t t h e m u l t i p l i c a t i o n o: 
n e m a t o d e a s f r e e l y a s c o m p a r e d t o t h o s e w h i c h w e r e n o t s u b j e c t e d to roo : - c :n> 
t r e a t m e n t . 
It is p o s s i b l e that the c h e m i c a l s are e i t h e r a b s o r b e d b y t h e r o o t s or the.'e 
h a v e b e e n s o m e c h a i n r e a c t i o n w h i c h h a s b e e n t r i g g e r e d d u e t o s o m e fac tor ( ' e i i c i t c r ' 
' a c t i v a t o r ' ) . T h e i n i t i a t i o n of c a s c a d e m e c h a n i s m l e a d i n g to the r e s i s t a n c e ot c e . - s 
a g a i n s t t h e i n v a s i o n a n d d e v e l o p m . e n t of p a t h o g e n s h a s b e e n e a r l i e r d e s c r i b e c n)-
B u n t ( 1 9 7 7 ) , Be l l ( 1 9 8 1 ) a n d G i e b e l ( 1 9 8 2 ) . K a s t ( 1 9 8 5 ) a l s o r e p o r t e d that the i n d u c c d 
d e f e n c e m e c h a n i s m s m a y a l s o h a v e s o m e p r a c t i c a l r e l e v a n c e . G i e b e l ( 1 9 7 4 ) , Ro\' 
a n d B e l l ( 1 9 8 1 ) c o n s i d e r e d the ro le of n e m a t o d e a n d p l a n t e n z y m e s in r e s i s t a n t n . 
r e a c t i o n s a n d s u g g e s t e d that e n z y m e e f f e c t e d c h a n g e s in g r o w t h r e g u l a t o r s . : 
b o u n d p i i e n o l s , a m i n o ac id c o m p o s i t i o n , a n d i n d u c e d l i g n i f i c a t i o n to l i m i t r.o;v. 
d e v e l c t p n i e n t . 
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r . V A H I A T I O N OF S E E D S O A K i N G 
T R I'. AT M R N T WITH S O M E 
N E M A T I C I D E S FOF{ THE ROOT-KNOT 
N E M A T O D E M A N A G E M E N T ON 
COWI'EA AND OKRA 
M A N S O O R A . S i n D I Q U I a n d S . K . S A X E N A 
Oi.'luinmcr.i <i; Uolany. A.li^arh Muslim Viiivcrsily. 
Alii-arh - 202 W2 (U.R). 
( r c j l m c n l witli c l i cmica l s ha^i been r c c o m -
mon t l a l as p rdphy la t l i c (rcalmcni againsl vano ' j s soil borne 
p a l h o c c n s . R<x)t-knot c.cmaUKlcs when conl io l lcd by soil 
i re .unien; wi ih cl icmicais i i ivo l \c high cosl. T h e r e f o r e , i'. 
w a s coiisiclorcd nccessary to (est the e f f i cacy of c c n a i n 
a c m a t i c i J c s as seed i rca lmenls on deve lopmenl of ihe roo(-
knol nc tna iodc . Metoidogyne incognita, and plant grov/th 
of c o w p c a and okra . 
S e e d s of Okra /Lady i ingcr [Abetinoschus escutcniin; 
(L . ) ) M o c n c l i . Var. 'Pusa S a w a n i ' and C o w p c a ( W g n o 
ungiiiculala (L . ) Walp.] var. 'Local ' , were d ipped for 12 hr. 
in 0 . 1 % s o l u t i o n o f d i f f e r e n t c h e m i c a l s v i z . , N f c ' h y l 
d e m c n t o n , D i m e t h o a t e , U C - 5 4 2 2 9 . A c e p h a t e , 
M o n o c r o t o p h o s and Phosphamidon . For control , seeds were 
d ip ' j cd in lap water. T h e treated seexls @ 20 seeds per pot 
w e r e s o w n in c lay pots conta in ing 1.2 kg soil in fes ted with 
r o o t - k n o t n e m a t o d e , Meloidogyne ir.cogiiila ( K o f o i d & 
Whi te ) C h i t w o o d (315 Larvae/200g soil). Af ter germinat ion , 
th in ing o f .seedlings was done to 8 seedlings per pot. T h e r e 
w e r e four repl ica lcs of each t reatment . T h e p la in weigh t 
and n u m b e r of eggnia-sscs per plant and gall index or, .i O-.S 
scale of Taylor & .Sa.sscr (1978) were determined. 
The results pre.senlcd ii' Table i d e a r l y indicate th.u 
a m o n g the six neniaiicidcs tes ted. D i m c l h u j t c 1). 1 'V w -
I 'ound h i g h l y e f t ' c c n v c in s u p p r e s s i n g ihc r o c ; - k n , i i 
dcse lop incn t and <in increase in plain weight of C.'^ A 
and 0 ) ; r a It was fo i l o^cu by Monocro tophos , L'C-.^ 
•Metiiyl D e m e n t o n , Phosphamidon and Acephate , 
It a p p e a r c s that the c h e m i c a l s in seed t rea inic i i i s 
provided a cover to germinat ing seedl ings and prolia;il> diti 
not aU;-Av liic penetrat ion o H a r v a c !3ain Bhall i . by 
repcliant act ion on the I.Trvae, However , larval peiict ' . ' . iion 
migli; have taken place and larxac could have beer, 'M I ICX I 
( Kast. 19H;i). It could in part be due to formal ion of rcsi.-iancc 
i m p a i t i n g chemica l s in the hosts (Bel l , 19X1) The seed 
t r ea tmen t , t he re fo re , appears to be a good pioph> l a i i i c 
treiitment as found in other soil b<.irne pathogens . 
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i a i n , R . K . & B h a u i , D.S. 1978. E f f e c t of Mclou!o:.;\nc 
javaiiica o n the yield of br injal and tomato, S'cmntol. 
medit.. 6 : 243 -246 
Kast , W.K. 1985. Wirkung a l t e rna t ive r sp r i t z fo lgen auf 
p i lz l iche Schaderreger bei R e b e n 1984, Gcsumic Pfl., 
37 : 4 9 4 - 5 0 1 . 
Taylor , A.L. & Sasser, J.N. 1978. Biology, identit ' ication 
and control of root-knot n e m a t o d e s (Mc/oiV/o.v vnd' spp ) 
Coo;). Pub. Dep. PI Palh.. North Carolina Siaic 
University and U.S A.I.D.. Ra le igh . N , C , , U i p p 
T a b l e I . E v a l u a t i o n of s o m e c h e m i c a l s f o r (he c o n t r o l of r o o t - k n o t n e m a t o d e on cow p e a a n d o k r a , 
(Each value is an average of four replicates. D A G = Days Af te r Germina t ion ) . 
1 r ea tmcn t 
(AH c h e m i c a l s 
0 . l 9 b ) 
C o w p c a 
Shoot weight No. of c g g m a s s c s 
(g) per plant 30 D A G 
Gal l index Shoot weight 
(g) 
O k r a 
No . of e e g m a s s c s Gal l index 
per plant 30 D A G 
Methy l D e m e n t o n 21 .60 10.0 2.25 12.40 14.25 2 .75 
D i m c t l w a l e 25 .75 2.0 2 .00 18.75 2 . 5 0 1.50 
U C - 5 4 2 2 9 18.83 12.50 2 .50 14.05 11.25 2 .25 
A c c p h a i c 10.45 35.00 3.75 7 .64 50 .75 4 . 0 0 
M o n o c r o t o p h o s 20.24 20.25 3 .00 14.20 2 4 . 0 0 2 .50 
P h o s p h a m i d o n 14.40 25.50 3 .50 10.70 4 4 , 2 5 3.7 S 
T a p - w a t e r 8 3 5 47.25 •i.25 4 . 5 0 150.25 4 .75 
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INTEGRATED MANAGEMENT OF PLANT PARASITIC 
NEMATODES WITH OILCAKES, NEMATICIDES 
AND PLOUGHING 
MANSOOR A. SIDDIQUI AND M. MASHKOOR ALAM 
Department of Botany, Aligarh Muslim University, 
Aligarh-202002, India 
Abstract 
In a field trial, oil cakes of castor, neem, groundnut , mustard , rocket salad and two nematicides 
VIZ., carbofuran and aldicarb were found to be highly efHcacious against commonly o c c u m n g plant 
parasitic nematodes on eggplant cv. Pusa purple long. Nematicides showed belter results than oil-
cakcs . C o m p o s t on the o t h e r hand gave p o o r resul t s . A s a c o n s e q u e n c e of n e m a t o d e s u p p r e s s i o n 
plant growlh of eggplant improved. The efficacy of these t r ea tmen t s was enhanced in deep p loughed 
(40 rm) beds as compared to normal ploughed (20 cm) beds. The beneficial effecis of all the a b o \ c 
t rea tments persisted even in the subsequent crop of t oma to cv. Pusa ruby. 
T h e ever increasing cost of p e s t i c i d e s and the hazards invo lved in 
their use have led to intensive research to explore possibilit ies of evolv-
ing a l ternat ive m e t h o d s for plant d i s e a s e contro l . Organic soil a m e n d -
m e n t s have been found to be highly e f fec t ive and environmentally sa fe in 
the control of plant parasitic nematodes (Siddiqui & Alam, 1987, 1988; 
Cas tagnone & Kemarrec, 1991; Alam, 1990, 1993). Similarly, the use of 
o i l seed cakes in the nematode m a n a g e m e n t strategies has shown great 
promise (Alam et ai, 1980; Nicolay & Sikora, 1989; Stirling, 1989; Siddi-
qui et al., 1992). The present report d e s c r i b e s the c o m b i n e d e f f e c t o f 
s o m e o i l s e e d c a k e s and n e m a t i c i d e s in r e l a t i o n t o p l o u g h i n g in t h e 
control of plant parasitic nematodes attacking eggplant and their residu-
al e f fec t on subsequent crop of tomato. 
Materials and Methods 
A field severely infested with plant parasit ic nematodes viz., Hoplo-
laimus indicus Sher, Helicorylenchus indicus Siddiqi, Rotylenchulus reni-
formis Linford & OLiveira, Tylenchorhynchus brassicae Siddiqi, Tylenchus 
filiformis Butschii and Meloidogyne incognita (Kofo id & White) Chi twood 
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was selected for the study. Population of nematodes per 250 g soil are 
given in Table 1. It was divided into two parts where it received normal 
p loughing upto 20 cm and upto 40 cm depth. T h e f i e ld was further 
divided into 9 sq.m. beds separated by 0.5 m wide buffer zone. The soil 
was mixed with (1) Inorganic fertilizers: urea @ 110 kg N / h a , super-
p h o s p h a t e @ 55 kg P / h a and murate of potash @ 55 kg K / h a ; ( 2 ) 
nematicides: ( i ) carbofuran/ Furadan 3G (2,3-dihydro-2,2-dimethyl-7-
benzofuranyl methyl carbamate) and aldicarb/Temik-lOG [2-methyl-2-
(methy l th io ) p r o p i o n a l d e h y d e - 0 - ( m e t h y l c a r b a m o y l ) Oxime] ; ( 3 ) 
Compost; (4 ) Oi l seed cakes of ( i ) castor {Ricinus communis L.), ( i i ) 
mustard {Brassica campestris L.), (iii) rocket - sa lad/Duan {Emcasativa 
Mill.), (iv) margosa /neem (Azadirachta indica A. Juss.) and (v) ground-
nut {Arachis hypogaea L ) . Compost and oilseed cakes were added @ 110 
k g / h a . t o the so i l w h e r e a s nemat ic ides were a d d e d @ 1 kg a . i . / h a . 
Nemat ic ide treated plots also received inorganic ferti l izers. Untrea ted 
beds served as control . There were three replicates for each treatment 
arranged in a randomized block design. Soon after the soil treatment, 
the beds were watered for ensuring proper decomposit ion of the organic 
additives. 
Three-week-o ld seedl ings of eggplant {Solatium melongena L.) cv. 
Pusa Purple Long were transplanted after a waiting period of two weeks. 
The plants were regularly watered and after three months , the plants 
were uprooted, washed and fresh weight of shoot and root were deter-
mined . Initial and f inal n e m a t o d e populat ions f r o m e a c h bed w e r e 
determined at the time of transplantation and at the termination of the 
experiment with the help of Cobb's sieving and decant ing and Baer-
mann's funnel techniques (Southey, 1986). T h e data was statistically 
analyzed according to Panse & Sukhatme (1978). 
T h e residual e f fect of the treatments was a lso de termined w h e r e 
immedia te ly a f t er the terminat ion of the e x p e r i m e n t t h e beds w e r e 
ploughed in the s a m e manner and all the beds w e r e appl ied with half 
dose of inorganic fertilizers viz., urea @ 55 kg N / h a , superphosphate and 
murate of potash @ 27.50 kg P and K/ha. Three w e e k old seedl ings of 
tomato {Lycopersicon esculentum MUl.) cv. Pusa Ruby were transplanted 
and data collected as described above. 
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Results 
Addition of various treatments to soiJ showed that the population of 
plant parasitic nematodes significantly reduced in all the treated plots as 
compared to untreated plots where the population increased (Table 1 & 
2). The reduction in nematode population was mor§ in soil treated with 
duan, groundnut and neem cakes as compared to other treatments. The 
oiJ-cakes were slightly less effective than the test nematicides viz., aldi-
carb and carbofuran. Reduction in population build-up of nematodes 
was more where 40 cm deep ploughing was combined with oil-cakes or 
nematicides (Table 1). Moreover, oil-cakes and nematicides remained 
effective against nematode population even in the following crop where 
tomato was used (Table 2). The population of M incognita, R renifonnis 
and T. brassicae remained high throughout the experiment thereby 
showing that the test crop was a congenial host to these nematode spe-
cies whereas the numbers of other nematodes viz., Hoplolaimus iiidicus, 
Helicotylenchus indicus and Tylenchus filiformis were low (Table 1 & 2). 
Fresh weight of shoot and root were significantly high when the test 
crop was grown in soil amended with oil-cakes and nematicides. The 
combinatioa of oil-cakes or nematicides with deep ploughing resulted in 
much healthier plants. Nematicides were more beneficial in promoting 
the plant growth than oi l-cakes (Table 1 & 2). Reduction in nematode 
population due to different treatments was positively correlated to the 
improvement in plant growth. 
Discussion 
It is interesting to note that the effect of Duan cake has not been 
reported before. Our findings with respect to the effect of oilseed cakes 
are in agreement with those of Singh & Sitaramaiah (1971) and A l a m 
(1989). TTie efficacy of oilseed cakes in reducing the population of plant 
parasitic nematodes even in the subsequent crop could be attributed to 
slow decomposition of oilseed cakes and release of nema-toxic substanc-
es for a longer period of time as also observed by Singh & Sitaramaiah 
(1966) and Alam (1990). 
Alam et al., (1979) pointed out that oil seed cakes undergo decom-
position after the adequate supply of water in the soil and release many 
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compounds viz., phenols, ammonia, aldehydes. Fatty acid was also re-
leased during the decomposition of oil-cakes (Sitaramaiah & Singh, 
1978). In vitro condit ions all these chemicals have been found to be 
highly nemato-toxic (Walker e/a/., 1967, Alam et al., (1979). Some neem 
chemicals (Siddiqui & Alam, 1988, 1989) and organic oUs (Miller, 1979) 
were found effective in the reduction of nematode population. During 
the degradation of oil-cakes, the possibility of the re lease of other 
chemicals, which are toxic to nematodes, can not be ruled out. Water 
extracts of oiled and deoiled cakes have also been found detrimental to 
many plant parasitic nematodes (Alam et al., 1982) because they contain 
phenols, aldehydes and other toxic chemicals of unknown composition to 
varying degree (Khan et al., 1974; Alam et al., 1979). The organic addi-
tives also change physical and chemical properties of the soil (Ahmad et 
al., 1972) and improve soil conditions for greater root growth thereby 
enhancing the utilization of soil nutrients; consequently, the nematode 
damage is minimized and the host-nematode relationship is altered. The 
possibility also can not be ruled out that amending the soil with organic 
matter may increase the number of a wide array of natural enemies of 
nematodes (Duddington et al., 1961). Van der Laan (1956) suggested 
that due to organic amendments, some physiological changes take place 
in the host plant rendering it unfavourable to the nematode develop-
ment. Similarly Alam et al., (1980) and Sitaramaiah & Singh (1978) 
confirmed the increased resistance in plants grown in soil amended with 
oilcakes. They suggested that this induction of resistance was due to the 
increased level of phenolics in the host roots. The penetration of second 
stage larvae and the subsequent root galling was greatly reduced in 
seedlings raised in oilcake amended soil. Combined effect of oi lseed 
cakes/nematicides and deep ploughing was more eff icacious than the 
oilcakes/nematicides applied in normal ploughed beds. A similar effect 
of deep ploughing on the efficacy of nematicides has been reported by 
Alam (1991) . D e e p ploughing disturbs the ecological set up of ne-
matodes which are exposed to external unfavourable conditions and thus 
their population declines (Khan & Saxena, 1980). 
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Management of plant parasitic nematodes on tomato using 
neem products and nematicldes 
M a n s o o r A . S i d d i q u i 
Dcpitrtincnt of Botony. Aii^arh Miiflini University, Alignrli-202 002 (Ullnr Pradesh), Uuim. 
ABSTRACT 
Nccm tcjf, Stt'il powder, oil cake and two rvcmalicidcs viz, Carbofuran and Pliorate alone and in combi.intion 
n;duccd llio rool-knol dcvclopnK-nl causcd by Mcloidogijnc iiuogniln and llic po|nilatio» build-up o( Ro(y/c/iWm/H.-
rcni/oriMis. 1 lighcst r^ -duction in llio ncmaliidc infcclion aiid corrciipoiidinf; inipravemciit in planl gni.vd- was noted in 
pots licaicd with cake combined with C»tbo(uran. 
Key words: Mctohio^ync incagnitu. Roiylcncljiilns rfnifornus, nccm prodiicis, nc^laliCIdc ,^ tomato, protection 
T h e r o o t - k n o t w i d r e n i f o r m n e m a t o d e s c a u s e s e v e r e 
l o s s e s t o c r o p p l a n t s O a i n a n d B h a t t i , 1978; I s m a i l a n d 
S a x e n a , 1 9 8 0 ) . U s e of s y n t h e t i c c h e m i c a l s o w i n g t o t h e i r 
d e l e t e r i o u s i m p a c t o n e c o s y s t e m h a s p a v e d t h e w a y f o r 
e x p l o r a t i o n of s o m e a l t e r n a t i v e m e t h o d s . I n th i s c o n t e x t 
b o t a n i c a l p e s t i c i d e s l i k e n e e m h a v e g a i n e d i m p o r t a n c e . 
D i f f e r e n t p a r t s of n e e m a n d n e e m p r o d u c t s h a v e b e e n f o u n d 
a£ a n e f f e c t i v e s u b s t i t u t e f o r p e s t i c i d e s a n d a r e 
e n v i r o n m e n t a l l y s a f e . T h e y a l s o h a v e s h o w n g r e a t p r o m i s e 
in t h e m a n a g e m e n t of p l a n t p a r a s i t i c n e m a t o d e s ( A l a m et nl, 
1990). In t h e p r e s e n t i n v e s t i g a t i o n , e v a l u a t i o n of n e e m l e a v e s , 
n e e m s e t r d p o w d e r a n d o i l c a k e s , w a s c a r r i e d o u t a g a i n s t 
r o o t - k n o t a n d r e n i f o r m n e m a t o d e s o n t o m a t o a n d c o m p a r e d 
w i t h t w o n e m a t i c i d e s v i z ; C a r b o f u r a n a n d P h o r a t e . 
M A T E R I A I , S A N D M E T H O D S 
E a r t h e n p o t s ( 1 5 c m d i a m e t e r ) h a v i n g 1 k g s t e r i l i z e d 
soi l w e r e t r e a t e d w i t h s e e d p o w d e r a n d oi l c a k e of n e e m ( 2 5 g 
p o t ' " a l o n e ) , c h o p p e d n e e m l e a v e s ( 5 0 g p o t ' a l o n e ) , 
C a r b o f u r a n - 3 G a n d P h o r a t e (O . lg p o t " ' a l o n e ) . B e s i d e s , a 
c o m b i n a t i o n of l e a v e s , s e e d p o w d e r a n d n e e m oil c a k e s w a s 
a l s o u s e d a 5 p e r s c h e m e m e n t i o n e d i n T a b l e 1. U n t r e a t e d 
i n o c u l a t e d a n d u n t r e a t e d u n i n o c u l a t e d p o t s s e r v e d a s 
c o n t r o l . T h e r e w e r e t h r e e r e p l i c a t e s f o r e a c h I r e a t m e n t . A f t e r 
15 d a y s o f t r e a t m e n t , t o m a t o s e e d l i n g s ( 3 w e e k o l d ) c v . P u s a 
R u b y w e r e t r a n s p l a n t e d a n d i n o c u l a t e d w i t h 5 0 0 0 f r e s h l y 
h a t c h e d s e c o n d s t a g e j u v e n i l e s of Meloidogynt iricognitn 
( K o f o i d a n d W h i t e ) C h i t w o o d a n d 5 0 0 0 i m m a t u r e f e m a l e s 
of t h e r e n i f o r m n e m a t o d e , Rotylenchulus reniformis L i n f o r d 
a n d O l i v e i r a s e p a r a t e l y . 
The experiment w a s terminated after three months and 
the data o n plant grow th characters in terms of weight (shoot / 
root) we re recorded. The final populat ion of R. reniformis 
was de te rmined by us ing Cobb'S''feieving and decant ing 
technique a longwith modif ied Baermann funnel method 
( S o u t h e y , 1986). R a t i n g f o r r o o t ga l l i n d e x ( G l ) w a s d o n e o n 
0 - 5 s c a l e ( S a s s e r c / r t / . , 1984) . D a t a w e r e s t a t i s t i c a l l y a n a l y s e d 
f o r c r i t i c a l d i f f e r e n c e a t p = 0 . 0 5 a n d p = 0 . 0 1 ( P a n s e a n d 
S u k h a n t m e , 1978) . 
R E S U L T S A N T ) D I S C U S S I O N 
R e s u l t s p r e s e n t e d 'ui T a b l e 1 s h o w t h a t a l l t r e a t m e n t s 
s i g n i f i c a n t l y r e d u c e d r o o t - k n o t g a l l i n g a n d p o p u l a t i o n 
b u i l d - u p of r e n i f o r m n e m a t o d e , R. reniformis a r o u n d t h e r o o t s 
of t o m a t o . T h o u g h n e e m l e a f , s e e d p o w d e r , o i l c a k e , 
C a r b o f u r a n a n d P h o r a t e a l o n e w e r e h e l p f u l i n t h e n e m a t o d e 
m a n g e m e n t b u t t h e i r e f f e c t w a s l e s s p r o n o u n c e d i n 
c o m p a r i s o n w i t h p o t s t r e a t e d w i t h d i f f e r e n t c o m b i n a t i o n s . 
H i g h e s t r e d u c t i o n in t h e r o o t - k n o t d e v e l o p m e n t c a u s e d 
b y M . incognitn o n t o m a t o w a s o b s e r v e d i n p o t s t r e a t e d v r i t h 
n e e m o i l c a k e + C a r b o f u n i n (0.4). It w a s f o l l o w e d b y n e e m o i l 
c a k e + P h o r a t e ( 0 5 ) , n e e m s e e d p o w d e r -E C a r b o f u r a n (0.6) , 
n e e m s e e d p o v , i d e r + P h o r a t e (0.7) , c h o p p e d n e e m leaf + 
C a r t K j f u r a n (0.8), c h o p p e d leaf + P h o r a t e (0 .9) , o i l c a k e ( I JO), 
s e e d p o w d e r (1 .1 ) , C a r b o f u r a n (1 .2 ) , P h o r a t e (1 .3 ) a n d 
c h o p p e d leaf (1.7) a s a g a i n s t 5 .0 in u n t r e a t e d i n o c u l a t e d p o t s 
( T a b l e 1). 
H i g h e s t i n c r e a s e i n p l a n t w e i g h t w a s o b s e r v e d in p o t s 
t r e a t e d w i t h o i l c a k e -(- C a r b o h i r a n ( 5 1 . 5 g ) f o l l o w e d b y oi l 
c a k e P h o r a t e (47 .Og) , s e e d p o w d e r + C a r b o h i r a n ( 4 2 £ g ) , 
s e e d p o w d e r + P h o r a t e ( 4 0 . 3 g ) , c h o p p e d leaf + P h o r a t e 
( 3 6 . 2 ^ , o i l c a k e ( 3 6 . 6 g ) , s e e d p o w d e r ( 3 4 . 9 g ) , C a r b o f u r a n 
( 3 3 . 2 g ) , P h o r a t e ( 3 2 . 9 g ) a n d i n c h o p p e d l e a v e s 3 1 . 5 g 
( T a b l e 1). In u n t r e a t e d i n o c u l a t e d p o t s t h e p l a n t w e i g j ^ t 
w a s 1 6 5 g a n d in u n t r e a t e d u n i n o c u l a t e d p o t s , it w a s 5 6 3 g . 
I n c a s e of RotylencniiUis reniformis t r e n d w a s m o r e o r 
l e s s s i m i l a r to r o o t - k n o t n e m a t o d e , Meloidogynt i n c o g n i t a . 
T h e f i n a l p o p u l a t i o n of R. reniformis i n u n t r e a t e d p o j w a s 
©2006 
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T a b l e 1. Effect of c o m b i n a t i o n of v a r i o u s n e e m p r o d u c t s 
a n d n e m a t i c i d e o n roo t -kno t i n d e x a n d p o p u l a t i o n 
b u i l d u p of R. reniformis o n t o m a t o cv. P u s a R u b y 




Trea tment Plant Root- Plant Final 
w e i g h t knot we igh t popula t ion 
(K) index («) 
Chopp«;d leaf 31.5 1.7 35.40 4340 
Seed p o w d e r 34.9 1.1 38.70 4290 
Oil-cake 36.6 1.0 38.90 4100 
C a r b o f u r a n 33.2 1.2 37.20 1760 
Phorate 32.9 1.3 36.80 2230 
C h o p p e d leaf + 38.9 0.8 42.80 1650 
Car tx) furan 
C h o p p e d leaf + 36. i 0.9 40.10 1810 
Phorate 
Seed p o w d e r + 42.8 0.6 46.80 1700 
C a r b o f u r a n 
Seed p o w d e r + 40.3 0.7 44.10 2150 
Phorate 
Oil-cake + 51.5 0.4 55.40 1410 
C a r b o h j r a n 
Oil-cake + 47.0 0.5 51.00 1840 
Phorate 
Unt rea ted- 16.5 5.0 19.30 7130 
Inoculated 
Unt rca ted- 56.3 . 56.30 
un inocu la ted 
C.D. (p = 0.05) 4.71 0.19 4.08 25.42 
C D . (p = 0.03) 6.32 0.26 5.47 34.23 
Each v a l u t ' m an average of thrt .v roplicatcs 
U=RcprCKiuclion fac tors , Pf=FLnal p o p u l a t i o n , P i ^ l n i t i a l p o p u l a t i o n . 
Initial i n o c u l u m level of M. Ina>gnitii was 5000 l a r v a e p o f . 
Initial i i v x u l u m level of rcnifonnis wa> 5000 n e m a t ^ c s p o t ' . 
7130. H i g h e s t r e d u c t i o n isi ti:\e r e n i f o r m r \ e m a t o d e p o p u l a t i o n 
w a s o b t a i n e d w i t h n e e m o i l c a k e + C a r b o f u r a n (1410) 
f o l l o w e d b y , s e e d p o w d e r + C a r b o f u r a n (1700) , C a r b o f u r a n 
(1760), c h o p p e d leaf + P h o r a t e (1810), oi l c a k e + P h o r a t e 
(1840), P h r o a t e (2230), o i l c a k e (4100), s e e d p o w d e r (4290) 
a n d c n o p p e d leaves (4340) . D a t a a l so i n d i c a t e d a n i d e n t i c a l 
p a t t e r n in respec t of t r e a t e m e n t effect o n p l a n t w e i g h t (Table 
-1) 
Al l i r e a t m e n t s viz . , c h o p p e d leaf, s e e d p o w d e r , oil c akes 
of n e e m , rvvo n e m a t i c i d e s v iz . , C a r b o f u r a n a n d P h o r a t e e i the r 
s ing ly o r in c o m b i n a t i o n s i g r u f i c a n t l y r e d u c e d t h e r o o t - k n o t 
ga l l ing a ; .d the p o p u l a t i o n of R. reniformis. T h e s e t r e a t m e n t s 
aUo i m p r o v e d tiie p l a n t g r o w t h of t o m a t o w h i c h m a y p a r t l y 
be d u e t o t h e s u p p r e s s i o n i n t h e n e m a t o d e p o p u l a t i o n a n d 
p a r t l y c u e to the a v a i l a b i l i t y of n u t r i e n t s f r o m o r g a n i c 
m a n u i e s . Soil a m e n d e d w , t h o i l cake -r C a r b o f u r a n w a s f o u n d 
h i g h l y ef fec t ive b o t h for the n e m a t o d e m a n a g e m e n t aivd p l a n t 
g r o w t h . It m a y b e d u e to oil c a k e d e c o m p o s i t i o n in so i l a n d 
r e l e a s e of m a n y c o m p o u n d s l ike p h e n o l s , a m i n o a c i d s , 
a l d e h y d e s , fa t ty a c i d s ( A l a m ct al., 1979; S i d d i q u i a n d A l a m , 
2001; S i t a r a m a i a h , 1990). Bes ides m a n y a c t i v e p r i n c i p l e s l ike 
t h i o n e m o n e , a z a d i r a c h t i n a n d l i m o n o i d s f r o m n e e m h a v e 
b e e n r e p o r t e d t o b e h i g h l y n e m a t i c i d a l a n d n e r u a t o s t a t i c 
( K h a n et al., 1974; A l a m et ai, 1990). O u r r e s u l t s a r e i n 
c o n f o r m i t y w i t h E g u n j o b i a n d A f o l a m i (1976) , A b i d a n d 
M a q b o o l (1991), M a h e s w a r i a n d S u n d a r a b a b u (2001). 
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R e s e a r c h N o t e 
Evaluat ion of Nemat ic ida! proper-
t ies of d i f f e r e n t parts of Margosa 
and Persian lilac 
Neem I margosa {Azadirachta indica 
A. Juss) cake and leaves are k n o w n to 
possess insect ic idal and nemat ic ida! 
propert ies^'- . A related species- Melia 
azedarach L. (Persian l i lac/bakain) is 
re lat ive ly unexplored. Therefore, i t 
was cons idered desirable to invest igate 
and compare the nemat ic idal propert ies 
of d i f f e ren t parts of these p lants. 
D i f fe ren t par ' s of margosa and Per-
sian l i lac p lants were washed careful ly 
in f u n n i r g wa te r , chopped and 25 g of 
each macerated in gr inder and then 
soaked in 75 ml of d is t i l led water . 
Af ter 24 hr. these were cent r i fuged, 
f i l tered and the extracts arbi t rar i ly 
termed as standard(s). Subsequent 
d i l u t i ons viz., s/2. s 10 and s/ lOO 
were prepared f rom this standard w ; t h 
d is t i l l ed water . Gum was add i t iona l l y 
inc luded for compar isons and its 10.0. 
1 .0 ,0 .1 and 0.01 " „ (w. 'v ) concent ra i ions 
were prepared in d is t i l led water . A b o u t 
5 0 0 f reshly isolated specimens (al l 
stages) of the three ectoparasi t ic soil 
nematodes (Ty lenchida) viz. , Hoplolai-
mus indicus Sher, Hehcotylenchus 
indicus S idd iq i and Tylsnchus filiformis 
Butsch l i (For host range of the test 
nematodes, see'') were transferred sepa-
rately to petr i -d ishes (40 mm die.) con-
ta in ing 10ml of d i f ferent concent ra t ions 
of wa te r e x t r a c t s ' ' \ Petr i -d ishes con-
taining disti l led water only served as 
control. Each treatment was replicated 
thrice. The number of dead and survi-
v ing nematodes were counted after 1 2, 
24 and 48 hr and mean % mortal i ty 
calculated. The death of nematodes 
was ascertained after transferring them 
to water for 1 hr. 
Extracts of d i f ferent parts of both 
the test plants were highly toxic to all 
the three species of nematodes. Het. 
indicL's was found to be most sensitive 
to different extracts. The fruit extracts 
of both the plants showed the maxi-
mum toxicity, fo l l owed by leaf extract. 
Gum was the least toxic. Margosa was 
found more effective than Persian lilac 
against all the three nematodes. 
In case of Hop. indicus all the nema-
todes were ki l led in the s conc. of leaf 
extract of margosa after an exposure of 
48 hr. The lowest concentrations 
which brought about 50% or more mor-
ta l i ty were s/10 of leaf and f lower, s/2 
of f ru i t , bark and root, and 10.0% gum 
(Table 1). In case of Persian lilac more 
than 50% mortal i ty of the nematodes 
was noted in s concentrat ion of f lower 
and root and s/2 of leaf and frui t 
(Table 2). 
In case of He!, indicus, all the nema-
todes died in s conc. of leaf, f iower and 
f ru i t extracts of both margosa and Per-
sian lilac and bark extract of margosa 
(Tables 1,2). The lowest concentrations 
that kil led 50^^ or more nematodes, 
were s/1 0 of leaf, f lower and fruit ex-
tracts of margosa and fruit extract of 
Persian liiac. This was achieved in s/2 
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Effect of water extracts of different parts of Azadirachta indica on the 
mortal i ty of some ectoparasit ic nematodes in vitro 
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0.75 1.33 0.77 0.98 1.1 1 0.86 0.79 1.G2 0.S9 
1.01 1.77 1.03 1.31 1.48 1.14 1.05 1.36 1.19 
Hop = //op/o/ai/?i!« indicus, 
Tyl — Tylenchus filiformis. 
Hel = Helicoiylenchus indicus. 
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Table 2 : Effect of water extracts of different pa r t s of Melia azedarach on the 
mortal i ty of some ectoparasi t ic nematodes in vitro 
°/n Mortality after exposure period (hr) 
Plant pari Cone. Hop Hel Tyl 
72 24 12 24 48 12 24 48 
Leaf s 30 60 70 44 70 100 10 45 60 
s/2 26 40 60 10 50 65 0 30 40 
s/IO 10 15 33 0 16 20 0 10 20 
s/100 0 0 0 0 0 0 0 0 0 
Flower s 33 50 60 55 80 100 56 71 85 
s/2 24 30 33 40 60 70 30 40 50 
s/10 10 15 20 28 34 44 20 25 33 
s/100 0 0 0 0 0 15 0 10 25 
Fruit s 20 44 79 45 66 100 35 44 100 
s/2 10 20 71 33 50 80 28 30 72 
s/10 0 0 40 10 20 50 10 20 40 
s/100 0 0 0 0 0 0 0 0 30 
Bark s 20 25 40 45 65 90 20 46 84 
S/2 10 20 30 15 21 67 15 31 60 
s/IO 0 10 10 0 10 33 12 25 50 
s/100 0 0 0 0 0 0 0 0 0 
Root s 0 20 61 40 50 63 25 45 61 
s/2 0 10 30 26 35 44 16 32 45 
s/10 0 0 20 20 20 29 11 16 20 
5/100 0 0 0 10 11 10 0 0 0 
G u m 10.0% 0 0 40 20 30 60 0 10 31 
1.0% 0 0 30 10 20 20 0 5 20 
0.1% 0 0 0 0 0 0 0 0 10 
0 . 0 1 % 0 0 0 0 0 0 0 0 0 
Distilled 
water 0 0 0 0 0 0 0 0 0 
I. .S.D. (at 
5 % level) 0.81 1.31 0.83 0.94 1.78 1.54 1.60 1.17 0.97 
L.S.D. (at 
1% level 1 1.08 1.74 1.10 1.26 2.38 2.06 2.13 1.56 1.30 
Hop ^ Hoplolaimus indicus, 
Ty 1 = Tylenchus filiformis. 
Yitl-^Helicotylenchus indicus, 
- 2 9 A-
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case of margoso; and s/2 conc. of leaf, 
f l o w e r and bark, s conc. of root and 
10 .0% gum in case of Persian l i lac. 
In case of T. fHiformis, al l the orga-
nisms d ied in s concent ra t ion of f ru i t 
extracts of bo th the test p lants. The 
lowes t concentrat ions w h i c h k i l led 5 0 % 
or more nematodes were s /10 of f ru i t 
ext ract , s/2 of leaf, f lower and bark, s 
of root and 10 .0% of gum in case of 
m a r g o s a ; s / 1 0 of bark, s/2 of f l ower 
and f ru i t , and s of leaf and root in case 
of Persian l i lac. 
The above results clearly show tha t 
al l the water extracts of d i f ferents parts 
of margosa and Persian l i lac are tox ic to 
Hop. indicus. He/, indicus and T. fiUfor-
m/s to vary ing extent . The tox ic i t y of 
neem leaf extract to Pratylenchus bra-
chyurus' and that of the t w o bit ter pr in-
ciples of margosa viz., n imb id in and 
t h i o n i m o n to Hoplclaimus indicus and 
some other nematodes ' , is already 
reoorted. 
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Research Note 
Further studies on the nematode 
tox ic i ty of Margosa and Persian 
l i lac 
insecticidal and medicinal properties 
of ^ee/77/matgosa {Aiaditachta indica A. 
Juss) are well known. However, very 
l imi ted work has been carried out re-
garding its nematicidal nature^'". Re-
cent ly, the tox ic i ty of neem and an 
al l ied species Melia azedarach L. (Per-
sian \\\ac!bakain) to three ectoparasitic 
nematodes was reported^. This work 
was further extended and is reported 
herein. In the present study three very 
important tylenchid nematodes of India 
viz., the root-knot nematode, Meloido-
gyne incognita (Kofoid £t Whi te, 1919) 
Ch i twood, 1949 (an endoparasite), the 
reni form nematode, Rotylenchulus reni-
formis Linford & Oliveira, 1940 (a semi-
endoparasite) and the stunt nematode. 
Tyisnchorh/ictius brassicae Siddiqi, 
19S1 (an ectoparasite) have been inclu-
ded (for h05t range of these nemotodes, 
sse-). 
Different parts of margosa and Per-
sian lilac were thoroughly washed, 
chopped and 25 g of each macerated in 
grinder and then soaked in 75 ml of 
d ist i i lod Vvattr. After 24 hr these were 
f i l ;ered and the extracts arbitrari ly ter,Ti-
ed as standard (s). Other d i lu t i 3ns viz. 
s/2, s/1 0 and s /100 were prepared from 
the s concentrat ion wi th dist i l led water. 
Margosa and Persian lilac were also in-
c luded for comparisons at 1 0.0, 1.0,0.1 
and 0.01 ;'o (w/v) concentrations in 
d ist i l led water. About 503 f r j sh ly iso-
lated nematode specimens (all the free 
stages of the soil phase of the reniform 
and the stunt nematodes; second stage 
juveniles of the root-knot nematode) 
were transferred separately to petridi-
shes (40 mm dia) containing 10 ml of 
different concentrations of v/ater 
extracts'. Petridishes containing 
dist i l led water served as control. 
The number of dead and surviving 
nematodes was counted after 12, 
24 and 48 hr and mean % mortality 
calculated. Death of the nematodes 
was ascertained after transferring them 
to watsr for 1 hr. For the hatching ex-
periment, 5 average sized and freshly 
picked eggmasses of M. incognita were 
transferred to 40 mm dia. petridishes 
containing 10 ml of different concent-
rations separately. The total number 
of hatched larvae were counted after 5 
days. Hatching in disti l led water ser-
ved as control . Each treatment v^as 
replicated thrice. 
Extracts of different parts of both 
the test plants were highly toxic to aii 
the three species of nematodes viz., 
T. brassicae. R. reniformis and M. icno-
gnita by br inging abc- t high percentage 
of ki l l . R. reniformis was found rr^ore 
sensitive than the other nematodes 
tested. Of the various parts, fruit ex-
tract showed maximum tox ic i ty in both 
the c ses fo l lowed by leaf extract. 
Gums, at the conce.ntrations tested, 
were found least toxic. 
Incase of T. brassicae. ail the nema-
todes were k i l led in ihe s conc. of f ru i t 
e^ t r ic t of margosa after 48 hr exposure. 
Lowest concentrations of margosa a r c 
Persian lilac extracts, wh ich brcug.-: 
about 50% or more kill w i t h i n 48hT,we-e 
- 2 8 1 -
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Table 1 : Effect of water extract of different pa r t s of Azadiraclua indica on the 
mor ta l i ty and ha tching of some plant paras i t ic nema todes in vitro 
% inhibi t ion 
7o mortality aUer exposure per iod (hr) in larval 
P lant Trh Rot Mel ha tch of M. 
p a r t Cone . 12 24 48 12 24 48 12 24 48 incognita 
af ter 5 days 
Leaf S 25 75 81 65 100 100 45 SO 100 98.67 
S/2 15 41 65 30 SO 90 35 74 85 98.00 
S/IO 10 20 45 10 30 70 20 55 67 94.00 
S/100 0 0 0 0 10 20 0 10 20 90/^1 
Flower s 33 63 80 90 100 100 54 75 100 98.67 
s/2 26 35 64 67 80 100 33 60 90 98.14 
S/10 10 29 50 40 45 50 18 20 33 94.67 
s/100 0 15 30 15 20 30 10 15 20 88.00 
F ru i t s 44 55 100 100 100 100 80 100 100 98.94 
s/2 35 40 81 60 100 100 54 85 95 98.27 
S/IO 20 30 67 50 70 90 35 60 70 96,67 
s/100 0 0 33 :o 33 40 20 45 60 85.34 
Bark- s 40 60 80 80 100 100 70 90 100 93.34 
s/2 25 34 65 40 60 90 30 50 80 86.67 
S/IO 10 20 44 25 40 50 20 25 45 84.00 
S h-0 0 0 11 0 10 20 0 10 20 69.34 
R o o t S 16 40 55 35 44 55 32 55 70 89.34 
S/2 10 26 40 25 35 45 25 35 50 82.67 
S/IO 0 0 28 20 25 33 10 20 30 66.67 
S/100 0 0 0 0 0 10 0 0 0 62.67 
G u m 10 0% 10 30 35 0 85 100 70 80 85 91.34 
1.0% 0 17 2 0 0 35 62 40 56 60 86.67 
c . 1 % 0 8 10 0 0 10 10 25 30 81.37 
0.01% 0 0 0 0 0 0 0 0 0 69.34 
Distilled 
water 0 0 0 0 0 0 0 0 0 0.00 
L.S.D. {at 
5% lexcl) 2.75 1.93 1.78 2.89 2.21 2.41 3.23 1.58 2.61 
L S.D. (at 
1% level) 3.^7 2.57 2.38 3.86 2.95 3.22 4.32 2.12 3.41 
9.41 
12.56 
Each value is an average of three replicates 
T r h =• Tylenchorhynchus brassicae, Koi-= Rotylenchulus reniformis, 
= Melouhgyne incugiiita l a r v a e 
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T a b l e 2 : Effect of water extract of different par t s of Melia azedarach on the 
mor ta l i ty and ha tch ing of some plant parasi t ic nematodes in vitro 
% mortal i ty a f te r exposure period (hr) 
% inhibi t ion 
in larval 
P l an t Trh Rot Mel hatch of M . 
pa r t Cone . 12 24 48 12 24 48 12 24 48 incognita 
af ter 5 days 
Leaf S 20 65 75 100 100 100 50 100 100 98.60 
S/2 10 30 55 55 6 : 80 30 64 90 95.78 
S/10 0 20 34 30 50 60 25 45 55 92,26 
S/100 0 0 20 0 10 20 0 0 10 80.29 
F lower S 55 60 100 30 100 100 44 70 100 97.89 
S/2 20 33 60 25 70 80 30 60 80 96.48 
S/10 15 19 55 10 40 56 15 33 20 91.55 
s/100 0 0 10 0 15 20 0 0 15 88.03 
F ru i t S 45 60 100 90 100 100 80 95 100 97.19 
S/2 33 45 71 61 70 90 60 75 90 95.78 
S/10 15 25 51 49 56 60 36 40 44 92.26 
S/100 0 0 14 30 40 40 10 20 30 85.92 
Bark S 20 44 70 71 90 ICO 60 75 94 97.19 
S /2 10 31 50 30 55 70 35 60 70 90.43 
S/10 0 15 40 20 30 44 25 30 50 83.10 
S/iOO 0 0 10 0 0 20 0 0 10 71.84 
Roo t S 10 35 50 31 41 51 39 45 67 94.37 
S/2 0 20 36 20 33 40 20 33 40 85.92 
S/10 0 10 19 10 26 30 10 26 30 78.88 
S/100 0 0 10 0 10 20 0 10 20 76.06 
G u m 10.0% 0 0 20 61 71 90 40 64 85 95.78 
I 0 % 0 0 0 30 42 51 10 25 40 88.74 
0 .1% 0 0 0 0 0 10 0 0 0 81.70 
0 0\% , 0 0 0 0 0 0 0 0 0 67.61 
Disu l ied 
water 0 0 0 0 0 0 0 0 0 0.00 
L.S.D. (at 
5 % level) 4.44 3.05 3.70 2 69 2.31 1-97 3.11 2.23 2.07 10.47 
L.S D. (at 
/% level) 5.93 4.07 4.93 3.59 3.08 2.63 4.16 2.97 2.76 13.98 
Trh = Tylenchorhynchus brassicae, Rol^Roiylenclntlus reniformis, 
Meloidogyne incognita larvae 
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s / I O o f f lower and frui t , s/2 of leaf 
and bark, and s of root (Tables 1-2) . 
In case of Persian lilac, 100% ki l l of 
nematodes was observed in s conc. of 
f lower and frui t after 48 hr (Table 2). 
In case of R. reniformis, all the 
nematodes were k i l led in s/2 conc. of 
f rui t extract of margosa after 24 hr 
exposure and in s conc. after 12 hr. 
This was achieved in s conc. of leaf, 
f lower and bark extract after 24 hr and 
in 10,0^;conc.of gum after 48hr(Table i ) . 
In case of Persian lilac 100% mortal i ty 
of the nematode was observed in s 
conc. after 1 2 hr in leaf extract; 24 hr 
in f lower and frui t extraci; and 48 hr in 
bark extract (Table 2). The lowest 
concentrat ions that ki l led 50% or more 
nematodes after 48 hr were s/10 of 
leaf, f i ower and f ru i t ; s of root and 1% 
gums of margosa and Persian lilac 
(Tables 1-2) . Bark extract, s/10 of 
margosa and s/2 of Persian li lac could 
also cause such mortal i ty. 
In esse of M. incognita, al l the 
nematodes were ki l led in s conc. of 
margosa fruit after 24 hr and in the 
STme conc. of leaf, f lower and bark ex-
tract af ter 48 hr ( T a b l e ! ) . This was 
achieved w i th in 24 hr in $ conc. of leaf 
extract and w i th in 48 hr in f lower and 
f ru i t extracts of Persian iiiac (Table 2). 
The lowest concentrat ions wh ich ki l led 
50°o or more nematodes w i t h i n 48 hr 
were s/100 of f ru i t , s /10 of leaf, s/2 of 
f lower , bark and root , of margosa 
(Table 1); s/10 of leaf and bark, s /2 of 
f l ower and frui t and s of root of Persian 
l i lac (Table 2 ) . In case of gum th is was 
achieved by 1.0 and 10.0% conc. of 
margosa and Persian l i lac respectively. 
Highest inh ib i t ion in larval hatching 
of M. incognita was noted in s conc. of 
f ru i t (98 .94%) f o l l owed by leaf and 
f lower (98.67%), bark (93.34%), gum 
(91.34%) and root (89 .34%) in mar-
gosa (Table 1). In case of Persian lilac 
i t was highest in s conc. of leaf 
(98 .60%) fo l l owed by f l ower (97 .89%) , 
f ru i t and bark (97.1 9 % ) , g u m (95 .78%) , 
and root (94 .37%) . Even in the lowest 
conc. there was s igni f icant inh ib i t ion in 
larval hatching where it ranged between 
6 2 . 6 7 - 9 0 67% in margosa (Table 1) 
and 67 .61—88.03% in Persian li lac 
(Table 2). 
These results clearly indicate tha t 
the water extracts of all the d i f ferent 
parts of margosa and Persian l i lac are 
toxic to T. brassicae, R. reniformis and 
M. incognita to vary ing extent. Interes-
t ing ly , these tesr nematodes represent 
three dif ferent types of mode of feeding 
and habitats. The tox ic i ty of necm 
leaf extract to Pratylenchus bractiyurus'^ 
and thcit of the t w o bi t ter pr inciples of 
margosa viz., n imb id in and th ion imon 
to T. brassicae, R. reniformis and M. 
incognita is already reporteaV 
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E F F I C A C Y O F S E E D D R E S S I N G W I T H E X T R A C T S 
O F N E E M AND P E R S I A N L I L A C A G A I N S T 
MHLOIDOGYNE INCOGNITA A N D ROTYLENCHULUS RENIFORMIS 
bv 
M . A . S i D D i Q u i a n d M . M . A l a m 
R o o t - k n o t a n d r e n i f o r m n e m a t o d e s a r e a m o n g t h e m a j o r n e m a t o d e 
p e s t s of v e g e t a b l e s in N o r t h e r n I n d i a . The\ - h a v e b e e n c o n t r o l l e d b y t h e 
soi l a p p l i c a t i o n of v a r i o u s o r g a n i c a m e n d m e n t s i n c l u d i n g o i l - seed c a k e s 
of n e e m ( m a r g o s a ) (Atadirachta indica A. J u s s . ) . S i n g h et al. (1980) h a v e 
c l a i m e d s i g n i f i c a n t r e d u c t i o n of r o o t - k n o t d e v e l o p m e n t o n t o m a t o by s e e d 
d r e s s i n g w i t h n e e m c a k e . In t h e p r e s e n t s t u d y w e h a v e t e s t e d t h e f e a s i b i l i t y 
of t he u s e of c r u d e e x t r a c t s of d i f f e r e n t p a r t s of n e e m a n d a n a l l ied s p e c i e s , 
P e r s i a n l i lac ( b a k a i n ) {Melia azedarach L.) a s s e e d d r e s s i n g s a g a i n s t 
Meloidogyne incognita ( K o f o i d ei W h i t e ) C h i t w . a n d Rolylenclmlus 
renijormis L i n f o r d ei O i i v e i r a . 
Materials a}id )neihods 
D i f f e r e n t p l a n t p a r t s ot n e e m a n d P e r s i a n l i l ac ( lea \ ' es , f l o w e r s , f r u i t s 
a n d b a r k ) w e r e t h o r o u g h h w a s h e d , c h o p p e d a n d 25 g of e a c h c o m m i n u t e d 
in a g r i n d e r a n d t h e n s o a k e d in 75 ml of d i s t i l l e d w a t e r f o r 24 h r . T h e n , 
a f t e r t h o r o u g h mi.xing, t h e s e w e r e c e n t r i f u g e d , f i l t e r e d a n d t h e e . x t r a c t s 
a r b i t r a r i l y t e r m e d a s s t a n d a r d (S). G u m f r o m b o t h t h e t e s t p l a n t s w a s 
a d d i t i o n a l l \ i n c l u d e d f o r c o m p a r i s o n s a n d a 10% (w/v) c o n c e n t r a t i o n w a s 
p r e p a r e d in d i s t i l l ed w a t e r . S e e d s of t o m a t o (Lycopersicon esculentum Mil l , 
cv. P u s a Ruby) , e g g p l a n t (Sola}iuni melongena L. c\'. P u s a P u r p l e L o n g ) 
a n d o k r a [Abelmoschus esculentus (L.) M o e n c h . cv. P u s a S a w a n i ] w e r e 
t h o r o u g h l y m i x e d w i t h d i t f e r e n i e .x t r ac t s t o g ive a u n i f o r m a n d s m o o t h 
44 
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c o a l i n g f j v e r t h e s e e d s . T h e H e a l e d s e e d s w e r e i h c n s p r e a d in a n e n a m e l 
t r a y a n d a l l o w e d to di 'v in t h e s h a d e b e f o r e s o w i n g . L^xcepting o k r a , t h e 
t r e a t e d a s w e l l a s u n t r e a t e d s e e d s w e r e t h e n s o w n in e a r t h e r n p o t s 
c o n t a i n i n g s t e r i l i z e d so i l . T h e p o t s w e r e w a t e r e d d a i l y a n d w e r e kep t o n 
g l a s s h o u s e b e n c h e s { t e m p e r a t u r e = 2 8 ± 2 ° C ) . 
T h r e e - w e e k o ld s e e d l i n g s w e r e t r a n s p l a n t e d s i n g l y in 1 kg s t e r i l i z e d 
soi l c o n t a i n e d in 15 c m c l a y p o t s . A f t e r t w o d a y s the s e e d l i n g s w e r e 
i n o c u l a t e d w i t h d i f f e r e n t i n o c u l u m leve l s of t h e r e n i i o r m n e m a t o d e , R. 
reniformis a n d s e c o n d s t a g e j u v e n i l e s of t h e r o o t - k n o t n e m a t o d e , .\4. 
bicogmia. In t h e c a s e of o k r a , t h e s e e d s w e r e d i r e c t l y s o w n a f t e r t r e a t m e n t 
w i t h t h e e x t r a c t s a n d t h e p o t s w e r e i n o c u l a t e d \ ^ h e n t h e p l a n t s w e r e 3 
w e e k s o ld . T h e r e w e r e t h r e e r e p l i c a t e s f o r e a c h t r e a t m e n t . 
A f t e r t h r e e m o n t h s t h e p l a n t s w e r e u p r o o t e d a n d w a s h e d . In t h e c a s e 
of M. incognita - i n o c u l a t e d p l a n t s t h e r o o t - k n o t d e v e l o p m e n t / r o o t - g a l l 
i ndex , b a s e d o n \ i s u a l o b s e r v a t i o n s , w a s r a t e d o n a 0-4 s c a l e . T h e f ina l 
p o p u l a t i o n s in t h e soil w e r e d e t e r m i n e d by u s i n g C o b b ' s s i e v i n g a n d 
d e c a n t i n g t e c h n i q u e . 
Results and Discussion 
T h e d a t a p r e s e n t e d in T a b l e s I a n d II c l e a r l y i n d i c a t e tha t s e e d d r e s s i n g 
in w a t e r e x t r a c t s of d i f f e r e n t p l a n t p a r t s of n e e m a n d P e r s i a n l i l ac 
s i g n i f i c a n t l y (P = 0.05) r e d u c e d t h e r o o t - k n o t d e v e l o p m e n t c a u s e d by M. 
i)}cogni!a a n d t h e p o p u l a t i o n b u i l d - u p of R. renifori}us on t o m a t o , e g g p l a n t 
a n d o k r a . T h e e f f e c t w a s m o r e p r o n o u n c e d in t h e p l a n t s r a i s e d f r o m s e e d s 
t r e a t e d w i t h f r u i t e x t r a c t s . G u m w a s t h e l e a s t e f f e c t i v e of t h e t r e a t m e n t s . 
T h e w a t e r e x t r a c t s of n e e m w e r e g e n e r a l l y m o r e e f f i c a c i o u s t h a n t h o s e 
of P e r s i a n l i l ac ( T a b l e s I a n d II). 
T h e e f f e c t o n t h e n e m a t o d e s m a y h a v e b e e n d u e t o t h e l e a c h i n g of t h e 
s e e d c o a t i n g s i n t o t h e r h i z o s p h e r e of t h e p l a n t s a n d t h u s a c t i n g d i r e c t l y 
a s a c h e m i c a l n e m a t i c i d e , o r p o s s i b l y b e c a u s e t h e p l a n t s , g r o w n f r o m 
t r e a t e d s e e d s , h a d a c q u i r e d s o m e r e s i s t a n c e / t o l e r a n c e a g a i n s t t h e 
n e m a t o d e s . T h e l a t t e r v i e w is s u p p o r t e d b y A l a m et al. (1977, 1980) w h o 
f o u n d t h a t t h e r e w a s p o o r m u l t i p l i c a t i o n of Tylenchorhynchus brassicae 
o n c a b b a g e a n d c a u l i f l o w e r a n d r e d u c e d r o o t - g a l l i n g c a u s e d by M. 
incognita o n t o m a t o , e g g p l a n t a n d ch i l l i , w+ien t h e s e e d l i n g s w e r e r a i s e d 
in soil t r e a t e d w i t h n e e m c a k e a n d t h e n t r a n s p l a n t e d to u n t r e a t e d so i l . 
— 4 0 0 — 
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r a b l c I - Eflccl of seed dressing with diUciV}!! i\\iracl\ of nccm and I'crsiiui lih.u 
on the ront-kr.ol develapnieiit causi'd hv M e l o i d o u y n c i n c o g r m a o n tortuii'j 
eggplant and okra. 
I n o c u l u m Koot-kno, i nd ices ' 
S>et;d I r e a t m e n i 
level Toniaio E^'tfrjii'ni Okra 
C O N T R O L ( U n t r e a t e d ) 5 0 0 . 4 0 .3 0 .8 • 
5 0 0 1.7 1 5 2.1 
5 0 0 0 3.0 3.5 
N E E M Leaf 50 0 .1 0 . 0 0 . 5 
5 0 0 0 . 9 0 .7 1.1 
5 0 0 0 •) > 2.4 2.1 
F l o w e r 5 0 0 .2 0 1 0 .6 
5 0 0 LO 0 8 1.2 
- 0 0 0 2 .0 2.5 2.2 
F r u i t 5 0 0 . 0 0 .0 0 .4 
5 0 0 0 .7 0 .5 0 .9 
5 0 0 0 2 ; 2.1 2 .0 
B a r k 5 0 0 . 5 0.2 0 .7 
5 0 0 1.1 0 .9 1.3 
5 0 0 0 -> - 2.6 2.3 
G u m 5 0 0 . 3 0 .3 0 .7 
5 0 0 1.3 1.0 1.4 
5 0 0 0 2 .S 2.3 2 .5 
C.D. (P-=0.05) 0 . 6 3 0 . 5 5 0 . 5 0 
P E R S L 4 N L I L A C L e a f 5 0 0 . 2 0.1 0 .6 
5 0 0 1.1 0 .9 1.2 
5 0 0 0 ") 7 2.8 2.4 
F l o w e r 5 0 0 . 3 0 .2 0.7 
- 0 0 1.2 ; 0 1.3 
-000 2 .S 2.6 2 .5 
F r u i t 5 0 0 .1 0.0 0.5 
5 0 0 J.O U.S 1.0 
5 0 0 0 1 7 2.7 2.3 
B a r k 5 0 0 . 3 0 .3 0 .7 
5 0 0 1.2 1.1 1.4 
5 0 0 0 2.9 2.5 2.5 
G u m 5 0 0 . 3 0 .2 0 .8 
5 0 0 L 3 1.2 L 6 
5 0 0 0 3 . 0 2.6 2.7 
C.D. (P = 0.5i 0 . 5 6 0 . 7 2 0 .57 
E a c h \ a l u o is an a v e r a g e of t h r e e r e p h c a t e i . 
- 4 0 1 — 
- 2 8 8 . 
248 
Table II - Ejicci oj ^ced i/rc'.v.siii^; with dif(ciriii caIrk I.s <// ncciii and I'i'isioit liUu 
on the population of RolyIcncliukis r'cjnildi'niis. 
Seed T r e a l n i e m 





• ]"n)[iu!aliiMis jier pot 
litlcrciu husis' 
Kseplani Okia 
CONTROL (L"n:reatecii 50 130 (2 110(2.2) 120(2.4) 
.500 760 (L5) 720 (1.4) 9.^0 (1.9) 
5000 o340 (1 ]) 6110(1.2) 8340 (1.7) 
N!EEM Leaf 50 25 (0.5, 20 (0.4) 3 - (0.7) 
500 240 (0.5) 230 (0.5) 4 - 0 (0.9) 
5000 4020 (O.X| 3830 (0.7) 4000 ,0.8) 
F lower 50 40 (0.8) 10 (0.2) 20 (0.4) 
500 270 (0.5) 240 (0.5) 4c0 (0.9) 
5000 4480 (0.8) 3910 (0.8) 4100 (0.8) 
Frui l 50 20 (0.4) ~ (0.0) .^ 0 1O.6) 
500 210 |0.4) 200 (0.4) 3cO (0 7i 
50(.HJ .^^80 (O.S) 3750 i0.8) 3870 iO.8) 
Bark 50 10(0.2) - lO.O) 35 i0.7) 
500 m (0.6) 250 (0.5| 470 (0.9) 
5000 4120 (0.8) 3940 (0.8) 41o0 1O.81 
Gum 50 60 (! .2 | 50 (1.0) -0 (1.0) 
500 300 (0.6) 310 (0.6) 480 il.O) 
5000 4260 (0.9) 4150 (0.8) 4270 (0.9) 
CD. i!>--^omi bill 65.78 71.20 
PERSIAN LILAC Leaf 50 40 (0.8) 25(0.5) 30 i0.6l 
500 270 (0.5) 250 (0.5) 290 (0.6) 
5000 4110(0.8) 4040 (0.8) 4020 :0.8i 
Flower 50 30 (0.6) 25 (0.5) 40 (0,8) 
500 280 (0.6) 260 (0.5) 300 '0.6) 
5000 4150 (0.8) 4090 (0.8) 4120 ^0.81 
Frui t 50 20 (0.4i 20 (0.41 30 aT6) 
500 250 (0.5) 240 (0.5! 310 0.6) 
5000 3910 (0.8i 3830 (0,8) 4110 ,0.81 
Bark 50 40 (0.8i 40 1O.81 30 0.6) 
500 300 (0.6i 270 i0.5i 3"0 •0.7) 
5000 4190 (0.8) 4140 (0.8) 4210 0.81 
G u m 50 30 (0.6) 40 (0.8) 50 0,0) 
500 440 (0.9i 310 (0.6) 450 :0.9) 
5000 4380 (0.9) 4250 (0.9) 4280 .0.9) 
CO. IP^-0.05) 62.71 68.33 o-i.-iO 
' Each \aluL' .'.n avcraae ol three replicaies. 
" Pf -- The reprodiK' on factor (R - - - ) ol the nematodes Is 2i\'en in parcnihesi-Pi 
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EFFECT OF SEED TREATMENT WITH AZADIRACHTIN' ON ROOT-KNOT nEV£LO?MENT ON, ASP 
GROWTH OF, SOME VEGETABLES 
M a n s o o r A. S i d d i q u i and M. M a s h k o o r Alarr. 
D e p a r t m e n t of B o t a n y , A l i g a r h M u s l i m Uni •-••j r s i t y , A 1 i g a r h - 2 0 2 ' / , 2 , I n d i a 
K e y w o r d s : Seed t r e a t - a e n t , a z a d i r a c h t i n , c o n t r o l , Me 1 o i riosj;vn^, i n c o g n i t a 
I n t r o d u c t i o n The roo t -V ' . no t n e m a L o c ; , M e l o i d o g v n e i n c o c n i t a ( K o f o i d 5> W h i t ' : , C h i t - c o d 
i s 3 s e r i o u s n e m a t o c i p e s t o t a w i d e r a n ^ e of c r o p s t h r o u ^ h o ; - t h e t r o p i c s 
s u b - t r o p i c s . I t h a s b e e n s u c c e s s f u l l y c o n t r o l l e d by v a r i o u s -;r-, ' ,anic s o i ^ -
a r a e n d m e n t s i n c l u d i n ' ^ j i l s e e d c a k e s of ue-jci /ma r j o s a ( A z a d i r a cr. t ^ i n d i c a A. 
J u 3 s ) . S i n g h e t a l . ' 1 , 2) r e p o r t e d t h e e f f i c a c y of t h i s a s a s e e d 
t r e a t m e n t . I n t h e p r e ; e n t i n v e s t i g a t i o n we h a v e e x a m i n e d a z .jc L r a ch t i n , a 
t r i t e r p e n o i-d f rc i r : n e e - . , f o r u s e a s a s e e c t r e a t : n e n t w i t h t h e i n t e n t i o n o : 
l o c a t i n e t n e a c t i v e c - j - .Donen t of t n e o i l s e e d c a k e . 
^ ' . e t h o d s 
A - a d i r a c h t i n (1 g ) v i s d i s s o l v e d i n 90°c a l c o h o l ' 1 0 rnl") and : : .e s o l u t i o n 
f u r t l i e r d i l u t e d 1:10". by a d d i n g d i s t i l l e i w a t e r . T h i s l i e u i ' c o n t a i n i r . ; ; 
a c ad i r a c h t i n / 1 i t r e wa ; a p p l i e d t o t h e s e e c s of t o m a t o ( I . v c o t e r s i c or. e s c u i e n : 
! - ' . i l l . ) c v . P u s a R u b y , e g g p l a n t ( S o l a n u m - e l o n g e n a L . ) c v . P i s a P u r p l e Long i 
t o o k r a ( A b e I m o s c h u s e s c u i e n t u s M o e n c h ) c v . Pusa S a w a n i u s i n g gum a s a 
s t i c k e r . The t r e a t e d s e e d s w e r e t h e n s p r e a d i n an e n a m e l t r a y a n d a l l o w e d t 
d r y i n t h e s h a d e b e f o r e s o w i n g . F o r to r r - s to and e g g p l a n t , t n e t r e a t e d a n c t -
u n t r e a t e d s e e d s w e r e t h e n sown i n s t e r i l i s e d p o t s . A f t e r 3 -•> t h e s e e d l i n g s 
w e r e t r a n s p l a n t e d s i n g l y i n t o 15 cm c l a y p o t s c o n t a i n i n g 1 kg of a u t o c l a v e d 
s o i l and i n o c u l a t e d w i t h d i f f e r e n t l e v e l s of t h e r o o t - k n o t n e m a t o d e , naiiie'. y 
3 0 , 300 and 3 0 0 0 n e i r i t o d e s p e r p l a n t . I n t h e c a s e of o k r a , t n e s e e d s w e r e 
sown d i r e c t l v i n t o Dots c o n t a i n i n g a u t o c l a v e d s o i l a n d t h e y w e r e t h e n 
i n o c u l a t e d s i m i l a r l y . E a c h t r e a t m e n t was r e p l i c a t e d f i v e t i - . e s . The p l a n t ; 
w e r e r e c o v e d 2 m o n t h s a f t e r i n o c u l a t i o n , w a s h e d a n d t h e i r w e i g h t s a n d l e n g t ' r 
d e t e r m i n e d . The r o o t - k n o t i n d e x was t h e n a s s e s s e d a s d e s c r i b e d bv T a y l o r i 
S 3 s s e r ' 3 ) . 
R e s u l t ? and D i s c u s s i o n 
.-.11 t h r e e t e s t p l a n t s w e r e n i g h l y s u s c e o t i b l e t o M. i n c o g n i t a . The 
a ^ o l i c a t i o n of a z a d i r 2 c h t i n t o t h e s e e d s i g n i f i c a n t l y r e d u c e i t n e r o o t - k n : t 
d e v e l o D T r e n t and c o r r e s p o n d i n g l y i z i p r o v e d ; i a n t g r o w t h ( T a b l e 1 ; . 
A z a d i r a c h t i n a o p e a r e i t o h a v e i n i l u e n c e c t h e m e t a b o l i s m of t."e ^ e r m i n a t i n t 
s ; e d s r e n d e r i n g t h e s e e d l i n g s u n f a v o u r a b l e f o r n e m a t o d e m u 1 t i ; 1 i c a t i o n a ; w 
a s s t i m u l a t i n e p l a n t z r o w t h . 
g e n e r a l o u r r e s u l t s h a v e s u p p o r t e d t h e f i n d i n g s of S i n g h e t a l . • 1 
b u t f u r t h e r b i o c h e m i c a l a n d p h y s i o l o g i c a l I n v e s t i g a t i o n s w i l l oe n e c e s s a : 
The p r e s e n t s t u d y may n e v e r t h e l e s s h a v e a i d e d t h e e v o l u t i o n c : a n e f f e c t : 
o l a n t - b a s e d n e a a t i c i d e . 
- 2 9 1 -
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T a b l e I . E f f e c t of s e e d t r e a t m e n t w i t h a z a d i r a c h t i n on r o o t - k n o t 
d e v e l o p m g n t o n , and g r o w t h o f , t o m a t o , e g g p l a n t and o k r a . 
I n o c u l u m T r e a t - L e n g t h ( c m ) W e i g h t ( g ) R o o t - k n o t 
P l a n t l e v e l raent S h o o t R o o t T o t a l S h o o t R o o t T o t a l i n d e x 
T o m a t o 0 U 2A.4 13. 1 37.5 1 6 . 0 9 . 0 2 5 . 0 
T 2 7 . 0 1 5 . 3 4 2 . 3 1 7 . 5 1 1 . 3 2 8 . 8 -
50 U 2 1 . 0 10 . 0 3 1 . 0 1 2 . 3 6 . 7 1 9 . 0 0 , 20 
T 2 3 . 3 1 3 . 5 3 6 . 8 1 4 . 0 7 . 0 2 1 . 0 0 . 1 0 
500 U 1 8 . 3 9 . 0 2 7 . 3 9 , 1 4 . 6 1 3 , 7 1 . 5 0 
T 1 9 . 1 9 . s 2 8 . 9 1 0 , 3 5 . 0 1 5 . 3 0 . 8 0 
5 0 0 0 U 1 3 , 0 9 . 0 2 2 . 0 6 , 4 4 . 0 1 0 . 4 5 . 0 0 
T 1 5 . 5 11 , , 6 2 7 . 2 8 . 0 4 . 7 1 2 . 7 3 . 2 0 
C . D . (P = 0 . 0 5 ) 3 . 6 2 3. 10 0 . 28 
(P = 0 . 0 1 ) 5 . 0 3 4 . 3 0 0 . 4 0 
E g g p l a n t 0 U 20 . 3 13 . Q 3 3 . 3 1 5 . 0 8 , 6 2 3 . 6 _ 
T 2 3 . 4 15 . ,0 3 8 . 4 1 6 . 9 1 1 . 0 2 7 . 9 -
50 U 13. 3 9. 2 7 . 3 1 2 . 0 6 . 0 1 8 . 0 0 . 15 
T 1 9 . 0 10, 2 9 . 4 1 3 . 3 7 . 8 2 1 . 1 0 . 1 0 
500 U 1 5 . 4 7. , 6 2 3 . 0 7 . 4 3 . 1 1 0 . 5 1 , 4 0 
T 1 6 . 5 8, . 0 2 4 . 5 9 . 0 4 . 5 1 3 . 5 0 . 7 5 
5 0 0 0 U 10. 1 7. 1 7 , 5 5 . 7 2 . 8 8 . 5 5. 00 
T 1 4 . 4 6 . 0 2 0 . 4 8 . 4 2 . 0 1 0 . 4 3 . 0 0 
C . D . (P = = 0 . 0 5 ) 3 . 8 1 3 . 5 6 0 . 2 3 
(P = = 0 . 0 1 ) 5 . 2 9 4 . 9 5 0 . 3 2 
O k r a 0 U 6 3 . 0 15 , 1 78 . 1 I S . O 1 3 . 5 3 1 . 5 -
T 6 5 . 8 18 7 8 4 . 5 2 2 . 1 1 5 . 0 3 7 . 1 -
50 u 6 0 . 1 14 . 7 4 . 3 1 5 . 6 1 2 . 0 2 7 . 6 0 . 20 
T 6 4 . 4 20 . 6 8 5 . 0 1 9 . 3 1 3 . 0 3 2 . 3 0 . 1 5 
500 U 5 4 . 4 . 3 7 6 . 7 I S . 5 1 2 . 0 3 0 . 5 1 . 3 0 
T 5 8 . 1 25 . 6 8 3 . 7 ? • 1 5 . 4 3 6 . 6 0 . -:o 
5000 U 4 1 . 0 13 . '.J 5 9 . 0 1 3 . 3 5. 0 1 8 . 3 5. :0 
T 4 4 . 4 22 . 0 6 6 . 4 1 5 . S 7 . 0 2 2 . 8 3 . 2 5 
C.D, , (P ^ = 3 . 0 5 ) 6 . 2 0 5. 12 0 . 4 0 
(P ^ = 0 . 0 1 ) 8 . 6 0 7 . 1 1 0 . 5 7 
u = U n t r e a t e d s e e d s ; T - T r e a t e d s e e d s . 
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Control of root-knot and reniform nematodes by bare-root dip in 
leaf extracts of margosa and Persian lilac 
Bekampfung von wurzelgallenbildenden und reniformen Nematoden durch Eintau-
chen der Wurzelballen in Blattextrakte von Niem- und Zedrachbaum 
M A N S O O R A . S i D u i Q u i a n d M . M A S H K O O R A I AM 
D e p a r t m e n t of B o t a n y , A l iga rh M u s l i m U n i v e r s i t y , Alii^arli ~ 202002 , Ind ia 
R e c e i v e d 26 F e b r u a r y 1987; a c c e p t e d 1 J u n e 1987 
Summary 
B a r e - r o o t d i p in leaf ex t r ac t s ot m a r g o s a / n e e m and a re la ted specics Pers ian l i l a c ' b a k a i n c a u s c J 
s i g n i f i c a n t i n h i b i t i o n in t h e p e n e t r a t i o n of t h e r o o t - k n o t n e m a t o d e larvae and the s u b s e q u e n t 
r o o t - g a l l i n g and t h e p o p u l a t i o n b u i l d - u p of t h e r e n i f o r m n e m a t o d e o n t o m a t o a n d e g g p l a n t . 
T h e d a m a g i n g e f f e c t s of t h e n e m a t o d e s w e r e m a s k e d b y the r o o t - d i p t r e a t m e n t by wa\- of 
i m p r o v i n g p l an t g r o w t h . T h e r o o t - g a l h n g a n d t h e p o p u l a t i o n of the r e n i f o r m n e m a t o d e w e r e 
g r a d u a l l y d e c r e a s e d w i t h an i n c r e a s e in t h e c o n c e n t r a t i o n of t h e ex t r ac t s and the d i p d u r a t i o n . 
Keywords: tomato; eggplant; Rotylenchulus rctujormis; Mdoidogyne i)icognita\ neem; 
Azadirachta indica\ Persian lilac; Mclia a/.cdarach; bare-root dip; nematode 
c o n t r o l 
Zusammenfassung 
E i n t a u c h e n von b l o f i e n W u r z e l b a l l e n in B l a t t e x t r a k t e v o m N' iem- u n d Z e d r a c h b a u m t u h r t e z u 
e i n e r s i g n i f i k a n t c n H e m m u n g dcs E i n d r i n g e n s d e r La rvcn des W u r z e l g a l l e n n e m a t o d e n u n d 
d e r n a c h f o l g e n d e n G a l l e n b i l d u n g s o w i e des P o p u l a t i o n s a u f b a u s des r e n i f o r m e n N e m a t o d e n 
an T o m a t e n u n d A u b e r g i n e n . D ie s c h a d i g e n d e n W i r k u n g e n d e r N e m a t o d e n w u r d e n nach d e r 
T a u c h b e h a n d l u n g d u r c h v e r b e s s e r t e s W a c h s t u m d e r P t i a n z e n m a s k i e r t . D u r c h z u n e h m e n d 
h o h e r e K o n z e n t r a t i o n e n d e r E x t r a k t e u n d l a n g e r e D a u e r des f u n t a u c h e n s w u r d c n die P(4'>ula-
t i o n e n d e r w u r z e l g a l l e n b i l d e n d e n u n d r e n i f o r m e n N e m a t o d e n z u n e h m e n d r e d u z i e r t . 
Stichworter: Tomate; Aubergine; Rotyletichulus reniformis; Meloidngync incognita:, Niem: 
Azadirachta indica\ Zcdrachbaum: Melia azedayach; Tauchbehandlung der 
W ' u r z e l n ; N e m a t o d e n b e k a m p f u n g 
1 Introduction 
O r g a n i c was t e s as soil a m e n d m e n t s can s u p p r e s s t h e p o p u l a t i o n b u i l d - u p of m a n y p l a n t 
p a r a s i t i c n e n t a t o d e s ( M u l . i LR a n d G o o c n 1982). B u t large q u a n t i t i e s arc r e q u i r e d f o r o b t a i n i n g 
s a t i s f a c t o r y resu l t s . It has a lso b e e n s h o w n t h a t o r g a n i c a m e n d m e n t s i n d u c e p l a n t r e s i s t ance in 
d u e c o u r s e (\AN UI;K LAAN 1956, ALAM et al. 1977, 1980). It was , t h e r e f o r e , d e c i d e d to test t h e 
c a p a c i t y of leaf e x t r a c t s of m a r g o s a / n e e m {Azadirachta indica A . Ju s s ) a n d a re la ted spec i e s 
p e r s i a n lilac b a k a . n {Mcha azcdarach L.) t o i n d u c e p l an t r e s i s t ance aga ins t t w o i m p o r t a n t 
n e m a t o d e s tor r e d u c i n g the cos t o t a p p l i c a t i o n . 
- 2 9 3 -
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I 'MK i . i i i kh . 2;SS ( . ' i i i i i K j l 1,1 r . io i k m n .inii r c n i l i . i m iH-m,ui.<;r., 
2 Materials and methods 
1 icsl i l(.'a\cs of mars;<,)sa .mtl I 'c i 's ian lilac w e r e iluir(m'>;li!\' w a s h e d , t l u i p p c d a n d 25 e a c h 
m a c c r a t c d s c p a r a t c K ' in a g r i n d e r a lon i ; w i t h T.S nil iit d i s t i l l ed w a t e r . ' I 'he h o n u i j ^ e n a t e s w e r e 
t h e n e e n t n l u ^ e d , f i l t e r e d a n d t h e e x t r a c t s . - . rhi trari ly t e r m e d as s t a n d a r d (S). O t h e r d i l u t i o n s , 
VIZ., S / 2 a n d S / 1 0 w e r e p r e p a r e d f r o m t h e S c o n c e n t r a t i o n w i th d is t i l led w a t e r . 
R o o t s ol . V w e e k - o l d s e e d l i n g s of t o m a t c i (Lycopcrsicoa lvaipcrsicnrn ( L . ) K a r s t c n . ) cv . 
' P i i s a R u b y ' a n d cg t ;p !an t (SoLuinrn mvlongcUJ L . ) cv. ' I ' u s a P u r p l e l - " n j ; ' , ^ r o w n in s t e r i l i z e d 
so i l , w e r e d i p p e d in d i f f e r e n t c o n c e n t r a t i o n s of t h e leaf e .xtracts s e p a r a t e k f o r 20 , 40 a n d SO 
m m . P l a n t s w i t h o u t d i p t r e a t m e n t s e r v e d as c o n t r o l . I lach t r e a t m e n t was r e p l i c a t e d six t i m e s . 
A l t e r ill e d i p i r e a t m c n t , t h e r o o t s w e r e w a s h e d w i t h w a t e r a n d t h e s e s d l i n ^ s w e r e t r a n s p l a n t e d 
to 1.S c m c la \ ' p o t s c o n t a i n i n g ! k g a u t o c l a v e d soil m a n u r e n i i x t u r t . Kach s e e d l i n g w a s t h e n 
i n o c u l a r c d w i t h 1000 s p e c i m e n s of t h e r e n i t o r n i n e m a t o d e , Rolylcnchulus ronjormn [ . i n t o r d 
& O h v e i r a o r 2 n d s t a g e l uven i l c s ol t h e r o o t - k n o t n e m a t o d e , Mclaidovyiic nico^iina ( K o t o i d 
& W h i t e ) C h i t w o o d s e p a r a t e K ' . A l t e r m o n t h s , t he p l a n t s w e r e c a r e l u l l v u p r o o t e d , w a s h e d 
a n d p l a n t g r o w t h a n d r o o t - k n o t i n d e x ( o n 0 - 5 s^ale o\ R.\Mii'/ a n d Sa^nIR lV7!SJ w e r e 
d e t e r m i n e d . In ca se ol R. rcinlortnis. t h e t ina l p o p u l a t i o n w a s d e t e r m i n e d l">\" u s i n g C . o l i b ' s 
s i e v i n g a n d d e c a n t i n g t e c h n i q u e (.Soi l i iM h ' ^ O ) . R e p r o d u c t i o n l a c t o r f l \ ) w a s c a l c u l a t e d in-
d i v i d i n g t h e f ina l p o p u l a t i o n w i t h t h e in i t ia l p o p u l a t i o n (P, P J as s u g g e s t e d b \ ' 0 < N U K I N K 
( 1 9 6 6 ) . ' 
I^or s t u d \ ' i n g t h e c f f c c t o n la rva l p e n e t r a t i o n , r o o t - d i p t r e a t m e n t was g iven as a b o v e . T h . e n 
t h e r o o t s w e r e w a s h e d a n d t h e s e e d l i n g s t r a n s p l a n t e d s i n g l v t o 5 c m c lav p o t s c o n t a i n i n g 
t h o r o u g h l y w a s h e d r i ve r s a n d . T h e p l a n t s w e r e i m m e d i a t e K ' i n o c u l a t e d \ \ i t h lOCC t r e sh ix 
h a t c h e d 2 n d s t a g e j u v e n i l e s of M. incognita. T h e i n o c u l a t e d s e e d l i n g s w e r e r e m o v e d a f t e r 72 h . 
R o o t s u r l a c e a n d t h e s a n d w e r e w a s h e d a n d t h e r e m a i n i n g l a rvae ot t h e n e m a t o d e , w h i c h 
c o u l d n o t h a v e p e n e t r a t e d , w e r e i so l a t ed bv u s i n g C o b b ' s s i e v i n g and d e c a n t i n g m e t h o d a n d 
t h e i r n u m b e r s w e r e d e t e r m i n e d . A f t e r d e d u c t i o n of th is f i g u r e f r o m t h e in i t ia l i n o c u l u m lev e l , 
t h e n u m b e r of l a r v a e t h a t h a v e p e n e t r a t e d w a s d e t e r m i n e d . 
3 Results 
B a r e - r o o t d i p in t h e leaf e x t r a c t s of m a r g o s a / n e e m .-nd P e r s i a n h i a c / b a k a m s igni f icar . ; ' , \ 
r e t a r d e d p e n e t r a t i o n of t h e 2 n d s t age j u v e n i l e s of t he r o o t - k n o t n e m a t o d e i n t o the r o o t s 
s u s c e p t i b l e p l a n t s s u c h as t o m a t o a n d e g g p l a n t ( T a b l e 1). T h e s u b s e q u e n t root-<gall d e \ eloT'-
i m ' n t w a s a lso i n h i b i t e d s i g n i l i c a n t l y ( T a b l e 1 1 T h e p e n e t r a t i o n decre . i^ed s ign i t i can t iv w u l i a n 
i n c r e a s e in t h e c o n c e n t r a t i o n o l t h e leat e x t r a c t a n d t h e d i p d u r a t i o n . 
B o t h t h e tes t n e m a t o d e s s i g n i i i c a n t l v r e d u c e d t h e p l a n t g r o w t l i ( T a b l e s 1 - 2 i , b u t b a r e - r o . ' t 
d i p t r e a t m e n t in t h e leal e x t r a c t s s i g n i i i c a n t l v m a s k e d t h e n e m a t o d e J a n i a g e t o t h e p l a n t s 
wa\- of r e d u c i n g t h e r o o t - k n o t d e v e l o p m e n t a n d the p o p u l a t i o n b u i l d - u p o l R. renitof-y.s 
( T a b l e s 1 - 2 ) . R o o t - g a l l i n g c a u s e d b v M. incognitti a n d t h e popu la t i c ' n> ot R. rouformis w e r e 
g r a d u a l l y d e c r e a s e d w i t h an i n c r e a s e in t h e c o n c e n t r a t i o n o l t h e leat e x t r a c t s a n d the d u r a t i ^ u i 
o t d i p t r e a t m e n t ( T a b l e s 1 - 2 ) . 
4 Discussion 
j - r o m t h e r e s u l t s , o n e m a v c o n c l u d e t h a t t h e leaf e x t r a c t s t e s t e d i n d u c e d s o m e r e s i s t a n c e m 
tomato and eggplant against Melouiogyue incognita and Rotylench.d:ii rcnijormn. The pcor 
r o o t - k n o t d e v e l o p m e n t c o u l d b e a t t r i b u t e d t o p o o r p e n e t r a t i o n a n d l a t e r r e t a r d a t i o n in 
d i f f e r e n t ac t i v i t i e s of t h e 2[KI s t a g e j u v e n i l e s s u c h as l e e d i n g a n d / o r r e p r o d u c t i o n as s u g g e s t e d 
b y P)UNT (P-)7S). S a m e t h i n g m i g h t h a v e h a p p e n e d in case ol R. ronj'r'K'.s w h e r e a l so t h e p i a n t s 
d i d n o t s u p p o r t t h e m u l t i p l i c a t i o n ol t h e n e m a t o d e as t r e e l v as e t>mpared t(i t h o s e w h i e h w e r e 
n o t s u b j e c t e d t o r o o t d i p t r e a t m e n t . 
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Il )S p o s s i b l e t h a t s o n i c c h c i n i c a l s a r c e i t h e r a ' . i so rbcd 1)\- t h e r o o t s o r t l i e rc nii;j;ht h a v e liccii 
s o m e c h a i n r e a c t i o n w h i c h has b e e n t r i^ t ;c ' -cd d u e t o s o n i c l a c t o r ( ' c h c u n r V a c t i v a t o r ' ) p r e s e n t 
in t h e lea t e x t r a c t . E x a m p l e s o l t i ic i n i t i a t i o n ol c a s c a d e m c c h a n i s m leadiri ; ; t o t h e r e s i s t a n c e o l 
cc l l s a g a i n s t t h e i n v a s i o n a n d d e v e l o p m e n t of p a t h o g e n s a re a v a i l a b l e in l i t e r a t u r e (Bi i i 1981 , 
GII:BI; I . 1 9 8 2 ) . 
C o n s i d e r i n g t h e r e c e n t r e p o r t b y KASI ( 1 9 S 5 ) , i n d u c e d d e f e n c e m e c h a n i s m s nia\- a l so h a v e 
s o m e p r a c t i c a l r e l e v a n c e . T h e y m a y b e u s e d in i n t e g r a t e d o r b i o l o g i c a l d i s e a s e c o n t r o l 
s t r a t e g i e s . 
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SEED TREATMENT WITH AZM)IRACHTIN FOR THE CONTROL OF THE STUNT NEMATODE 
ATTACKING CABBAGE AND CAULIFLOWER 
Mansoor A. S lddlqui and M. Mashkoor Alan 
Department of Botany, Allgarh Muslim U n i v e r s i t y , Al igarh-202002 , I n d i a . 
Keywords: Seed t r e a t m e n t , a z a d t r a c h t l n , c o n t r o l , Tylenchorhynchus 
b r a s s l c a e , cabbage, c a u l i f l o w e r . 
I n t r o d u c t i o n 
The s t u n t nematode, Tylenchorhynchus b r a s s i c a e S i d d i q u l , I s one of the most 
p e r v a s i v e and damaging nematode p e s t s of c r u c i f e r o u s p l a n t s . I t i s 
widespread in I n d i a , mainly a t t a c k i n g cabbage and c a u l i f l o w e r ( 3 ) . I t was 
t h e r e f o r e cons idered necessary to i n v e s t i g a t e whether a seed t r e a t m e n t u s ing 
a z a d i r a c h c i n , a t r i t e r p e n e component of neem which i s Inexpens ive and 
r e a d i l y a v a i l a b l e , would be e f f e c t i v e aga in s t t h i s nematode. 
Methods 
Seeds of cabbage ( B r a s s i c a o l e r a c e a c a p l t a t a L . ) cv . Pr ide of I n d i a and 
c a u l i f l o w e r ( B r a s s i c a e o l e racea b o t r y t i s L . ) cv . Maghi were tho rough ly mixed 
w i t h a s o l u t i o n of a z a d i r a c h t i n which was p r e p a r e d . b y d i s s o l v i n g I g in 
10 ml-of 90Z a lcoho l and then d i l u t i n g fu r the j - by 1:100 with d i s t i l l e d 
w a t e r . The seeds were evenly coa ted using gum a r a b i c a a t 5 g /lOO ml 
s o l u t i o n a s a s t i c k e r . The t r e a t e d (T) and u n t r e a t e d (U) s e e d s were then 
sown i n s t e r i l i s e d s o i l and a f t e r 3 wk the s e e d l i n g s were t r a n s p l a n t e d 
s i n g l y t o 15 cm diam. c l ay pots c o n t a i n i n g 1 kg s t e r i l i s e d s o i l . The pots 
were then i n o c u l a t e d w i t h 50, 500, o r 5000 f r e s h l y i s o l a t e d T. b r a s s i c a e . 
Each t r e a t m e n t was r e p l i c a t e d f i v e t i m e s . A f t e r 2 months the p l a n t s were 
u p r o o t e d , washed and t h e l eng ths and weights of s h o o t s and r o o t s de te rmined-
The f i n a l nematode p o p u l a t i o n s were assessed u s i n g Cobb's d e c a n t i n g and 
s i e v i n g methods ( 4 ) . Reproduct ion f a c t o r s were c a l c u l a t e d by d i v i d i n g the 
f i n a l p o p u l a t i o n (p^) by the i n i t i a l popu la t i on ( p . ) as sugges t ed by 
Oos t enb r ink ( 1 ) . 
R e s u l t s and Di scuss ion 
The r e s u l t s showed c l e a r l y the d e s t r u c t i v e p o t e n t i a l of T. b r a s s i c a e 
(Tab le 1 ) . Both c u l t i v a r s of cabbage and c a u l i f l o w e r were h i g h l y 
s u s c e p t i b l e to the nematode. There was a marked r e d u c t i o n in t h e growth of 
t h e p l a n t s i n u n t r e a t e d nematode- inocu la ted po t s and i t dec reased with 
i n c r e a s i n g i n i t i a l inoculum l e v e l s . However, t h e p l a n t s r a i s e d from 
a z a d i r a c h t i n - t r e a t e d s e e d s i n h i b i t e d the b u i l d - u p of the nematode 
p o p u l a t i o n s and in consequence growth was improved o v e r a l l . The seed 
t r e a t m e n t d i d n o t , however, e l i m i n a t e the nematode p o p u l a t i o n s . 
The p l a n t s r a i s e d from a z a d i r a c h t i n - t r e a t e d seed appeared to have acquired 
some r e s i s t a n c e or t o l e r a n c e to the s t u n t nematode, c o n f i r n i n g and ex tending 
the r e s u l t s of our e a r l i e r study ( 2 ) . 
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Table 1. E f f e c t s of seed t rea tment with 1 a z a d i r a c h t i n on p o p u l a t i o n s of 
s t u n t nematode and the growth of cabbage and c a u l i f l o w e r p l a n t s . 
(T = t r e a t e d seed; U • • u n t r e a t e d seed) • 
i n i t i a l F i n a l [ l eprod-
Inoculum Treat- Len igth (cm) Weights (f?) popul- uct ion 
( N o / p l a n t ) ment Shoot Root T o t a l Shoot Root T o t a l a t i o n f a c t o r 
Cabbage 
0 U 19.4 15.3 34.7 36.3 13.8 50.1 - -
T 21.7 18.5 40 .2 38.7 15.0 53.7 - -
50 U 17.7 14.0 31.7 34.4 11.2 45 .6 115 2.30 
T 18.6 17.8 36.4 35.7 12.4 48 .1 35 0 .70 
500 U 14.2 12.7 26.9 30.7 9 .6 40 .3 730 1.40 
T 16.8 14.3 31 .1 33.8 10.3 44 .1 350 0 .70 
5000 U 10,3 9.4 19.7 25-7 6 . 0 31.7 6340 1.27 
T 12.9 10.0 22 .9 28.3 7 . 5 35 .8 4210 0 .84 
C o e f f . of : dev ' n (P - 0 . 0 3 ) 2 .36 3.45 75. 4 
(P = 0 . 0 1 ) 3.27 4 .79 99. 2 
C a u l i f l o w e r 
0 U 2 3 . 3 16.0 3 9 . 3 42.4 10.0 52.4 - -
T 24 .7 18.0 42 .7 44.6 11.7 56 .3 - -
50 U 22 .6 15.5 38 .1 38.3 8 .9 47.2 120 2 .40 
T 23 .7 16.0 39 .7 40 .0 9 .7 49.7 45 0 .90 
500 U 19.0 14.0 33 .0 35.8 7 .4 43.2 760 1.52 
T 20 .7 15.9 36 .6 37.3 8 .4 45.7 400 0 .80 
5000 U 13.8 11.2 25 .0 30.0 7 . 1 37.1 6810 1.36 
T 15.3 12.7 28 .0 32.4 8 .2 40.6 4520 0 .94 
C o e f f . of dev ' n (P = 0 . 0 5 ) 2 .96 3.65 67. .5 
(P = 0 . 0 1 ) 4 .10 5.0b 94. .6 
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EFFICACY OF AZADIRACHTIN AS SEED TREATMENT FOR THE CONTROL OF THE R£NIFORM 
NEMATODE ON SOME VEGETABLES 
Mansoor A. S i d d l q u i and M. Mashkoor Alara 
Depar tment of Botany , A l i g a r h Husillm U n i v e r s i t y , A l l g 3 r h - 2 0 2 0 0 2 , 
I n d i a 
Keywords: Seed t r e a t m e n t , a z a d i r a c h t i n , c o n t r o l , R o t y l e n c h u l u s r e n l f o r m i s , 
tomato , e g g p l a n t , o k r a . 
I n t r o d u c t ion 
O i l s eed cake p r e p a r e d from neem ( A z a d l r a c h t a i n d i c a J . J u s s . ) can 
e f f e c t i v e l y c o n t r o l r o o t - k n o t nematodes (Melo ido^yne s p p - ) . In ar. e a r l i e r 
s t u d y we examined a z a d i r a c h t i n , a t r i t e r p e n o i d froiD neem, a s a seed 
t r e a t m e n t a g a i n s t He lo ldogyne i n c o g n i t a (Kofo id & Whi t e ) Chitwood w i t h t h e 
view of l o c a t i n g t h e a c t i v e component of neem c a k e . The t r i t e r p e n o i d was 
found t o be q u i t e e f f i c a c i o u s a g a i n s t t h e r o o t - k n o t nematode . T h i s s t u d y 
has been ex tended t o t h e r e n i f o r m nematode , R o t y l e n c h u l u s r e n i f o r m l s L i n f o r d 
& O l i v e i r a . The r e s u l t s a r e r e p o r t e d h e r e . 
M a t e r i a l s and Methods 
A z a d i r a c h t i n (1 g ) v a s d i s s o l v e d i n 10 ml of 90Z a l c o h o l and t h e s o l u t i o n 
f u r t h e r d i l u t e d by 1 :100 w i t h d i s t i l l e d w a t e r . I t was t h e n a p p l i e d t o t h e 
s e e d s of tomato ( L y c o p e r s l c o n e s c u l e n t u m K i l l . ) c v . Pusa Ruby, e g g p l a n t 
(Solanum melongena L . ) c v . Pusa P u r p l e Long and o k r a (Abelmoschus e s c u l e n t u s 
Moench) c v . Pusa Sawani u s i n g gum as s t i c k e r . A f t e r t r e a t m e n t the s e e d s 
were s p r e a d i n an enamel t r a y and a l lowed t o a i r - d r y i n t h e shade b e f o r e 
s o w i n g . In t h e c a s e of tomato and e g g p l a n t , t h e t r e a t e d and t h e u n t r e a t e d 
s e e d s were sown i n s t e r i l i s e d p o t s . A f t e r 3 wk t h e s e e d l i n g s were 
t r a n s p l a n t e d s i n g l y i n t o 15 cm c l a y p o t s c o n t a i n i n g 1 kg of a u t o c l a v e d s o i l 
and i n o c u l a t e d w i t h f r e s h l y i s o l a t e d spec i t aens of t h e r e n i f o r m nematode a t 
50, 500 o r 5000 nematodes pe r p l a n t . Fo r o k r a , t h e s e e d s were sown d i r e c t l y 
i n t o t h e p o t s and a f t e r 3 wk t h e y were i n o c u l a t e d s i m i l a r l y . Each t r e a t m e n t 
was r e p l i c a t e d f i v e t i m e s . The p l a n t s were removed 2 months a f t e r 
i n o c u l a t i o n , washed and t h e i r g rowth ( w e i g h t and l e n g t h s ) d e t e r m i n e d . The 
f i n a l p o p u l a t i o n of t h e r e n i f o r m nematode was d e t e r m i n e d w i t h t h e h e l p of 
C o b b ' s s i e v i n g and d e c a n t i n g method a l o n g w i t h m o d i f i e d Baefmann f u n n e l 
t e c h n i q u e ( 3 ) . A r e p r o d u c t i o n f a c t o r (R) was c a l c u l a t e d by d i v i d i n g t h e 
f i n a l p o p u l a t i o n ( P f ) by t h e i n i t i a l p o p u l a t i o n ( P i ) ( O o s t e n b r i n k , 1 ) . 
R e s u l t s and D i s c u s s i o n 
The t e s t p l a n t s were h i g h l y s u s c e p t i b l e t o R. r e n l f o r m i s a s I n d i c a t e d by t h e 
r e p r o d u c t i o n f a c t o r (R) i n u n t r e a t e d c h e c k s . The a p p l i c a t i o n of 
a z a d i r a c h t i n t o the seed s i g n i f i c a n t l y r educed the p o p u l a t i o n of the 
nematode and as a c o n s e q u e n c e p l a n t g rowth was improved ( T a b l e I ) . 
The e f f e c t of a z a d i r a c h t i n may be due t o t h e d i r e c t nematode t o x i c i t y of t h e 
s e e d c o a t i n g s c a u s i n g u n f a v o u r a b l e e n v i r o n m e n t f o r nematode a c t i v i t y o r 
p o s s i b l y by p l a n t s grown f roc : c o a t e d s e e d s a c q u i r i n g r e s i s t a n c e or t o l e r a n c e 
Co t h e ne-^a iode . A z a d i r a c h t i n n i g h t have i n f l u e n c e d t h e m e c a b o l i s a of t h e 
g e r m i n a t i n g s e e d s r e n d e r i n g t h e s e e d l i n g s u n f a v o u r a b l e f o r nematode 
m u l t i p l i c a t i o n ( 2 ) as w e l l as s t i t a u l a t i n g p l a n t g r o w t h . T h e s e r e s u l t s may 
be u s e f u l i n d e v e l o p i n g an e f f e c t i v e p l a n t - b a s e d n e r a a t i c i d e . 
^^^ - 3 0 0 -
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Table I . E f f e c t of seed t r e a t m e n t w i th a z a d l r a c h t i n on p o p u l a t i o n s of the 
r e n l f o r m neoa tode and p l a n t Rrowth of tomato , eggp lan t ar.d c k r a . 
I noculum 
Noma todes 
/ p l a n t 
T r e a t - Length (cm) 
ments Shoot Root T o t a l 
Weight (g ) 
Shoot Root To t a l 
F ina l 
popu-
l a t i o n 
Toraato 
0 U 27 .3 15.0 42 .3 14.0 8 . 3 22.3 - -
T 29.A 16.2 45 .6 15.8 10.0 25.8 - -
50 U 24.6 11.0 35.6 11.0 5 .2 16.2 100 2 .0 
T 27 .0 12.5 39.5 12.4 7 .2 19.4 10 0 .2 
500 U 20 .3 9 .0 29 .3 9 .0 4 . 0 13.0 730 1.46 
T 23 .0 11.6 34 .6 11.9 5 .6 17.5 320 0.64 
5000 U lA . l 10.3 24.4 7 .0 3 .1 10.1 6340 1.27 
T 16.0 10.9 26 .9 8 .4 4 . 0 12.4 3900 0 .78 
C.D. (P=0 .05) 2 .8 3.4 69 .8 
(P^O.Ol) 3 .9 4 .8 99 .2 
Eggplant 
0 U 23 .0 12.0 35 .0 15.2 9. 1 24.3 - -
T 24 .1 13.9 38.0 16.3 10 .0 26.3 - -
50 U 21.0 11.3 32 .3 14.0 .9.0 23.0 90 1.80 
T 23 .2 12.0 35 .2 15.9 10 .0 25.9 5 0 .10 
500 U 17.3 8 .2 25 .5 8 . 0 3 .7 11.7 640 1.28 
T 19.A 9 .0 28.4 10.2 4 . 0 14.2 300 0 .60 
5000 U 10.0 4 . 8 14.8 5 .5 2 .6 8 .1 6100 1.22 
T 12 .5 7 .0 19.5 7 .7 3 . 0 10.7 3710 0.74 
C .D . (P=0 .05 ) 3 .8 4 .3 54 .5 
(P=0.01) 5 . 3 6 .0 77 .5 
Okra 
0 U 6 2 . 1 14.2 76 .3 25 .3 16.6 41.9 - -
T 64 .4 17.9 82 .3 29.6 18.9 48.5 - -
50 U 58 .0 13.0 71 .0 21.0 13.7 34.7 100 2.00 
T 6 1 . 5 18.6 8 0 . 1 25 .8 16.8 42 .6 15 0 .30 
500 U 52 .1 16.6 68 .7 16.2 10.4 26.6 960 1.92 
T 55 .4 21 .2 76 .6 2 0 . 3 6 . 7 27.0 370 0.74 
5000 U 39 .0 16.6 55.6 9 .9 4 . 9 14.8 6350 1.27 
T 4 1 . 3 20 .5 61 .8 11.3 5 . 8 17.1 3330 0.67 
C . D . ( P = 0 . 0 5 ) 2.7 5.4 64 .9 
(P=0.01) 3 .7 7.4 92 .3 
U = U n t r e a t e d s e e d s , T = T r e a t e d s e e d s , R = Reproduc t ion f a c t o r 
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C O N T R O L O F S T U N T N E M A T O D E BY B A R E - R O O T DIP IN L E A F 
E X T R A C T S O F M A R G O S A A N D P E R S I A N L I L A C 
MANSOOR A. SIDDIQUI AND M. MASHKOOR ALAM 
Department of Botany. 
Aligarh Muslim University, Aligarh-202002. India 
Abstxaa 
Barc-root dip of cabbagc and cauliflower in leaf extiacu of tmi%oia}iuem and a related species 
Persian lilac/fcafcim caused significant reduction in the population build-up of lyUnchorhyncus brassi-
cae. The population of stunt nematode gradually decreased with an increase in concentration of the ei-
tnicls and the dip duration. The nematode also retarded water absorption efficiency of roots, but im-
provement in plant growth due lo various dip irealments caused an increase in water absorption effi-
ciency. 
Cabbage and cauliflower are two important vegetable crops. They suffer 
severely from a nematode disease caused by the stunt nematode, Ty-
lenchorhynchus brassicae Siddiqi, which is becoming a serious pest prob-
lem in Northern India (Siddiqui, 1969). It is well recognized that the incor-
poration of various kinds of organic wastes to soil has promising effect in 
nematode control (Muller & Gooch, 1982), but usually large quantities are 
required in such treatments. Organic additives are reported to induce plant 
resistance against nematodes (Van der Laan, 1956; Alam et ai, 1977, 1980). 
In an earlier study (Siddiqui & Alam, 1988a), we observed the potential of 
leaf extracts of margosa/neem (Azadirachta indica A. Juss.) and Persian 
VHdidbakain (Melia azedarach L.) as bare-root dip treatment against the root-
knot nematode, Meloidogyne incognita (Kofoid & White) Chitwood, a sed-
entary endoparasite and the reniform nematode, Rorylenchulus reniformis 
Linford & Olivcira, a semi-endoparasite. The present study describes the ef -
fect of margosa and Persian lilac against the stunt nematode, Tylenchorhyn-
chus brassicae Siddiqi, an ectoparasite, which is causing conccm in the cul-
tivation of cabbagc and cauliflower. 
Mater ia l s a n d Methods 
Fresh leaves of necm and Persian lilac were thoroughly washed, 
choppcd and 25g of cach were maccrated separately in a grinder with 75 ml 
of disiillcd water. These were then ccntrifuced and fiUcrcd and the c.xu-acts 
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262 
34 M.A. SIDDIQUI & M.M. M.AM 
Table 1. Effect of bare-root dip treatment in the leaf extracts of 
margosnJneem on the population of stunt nematode, Tylenchorhynchus 
brussicae and plant growth of cabbage cv. 'Maghi' and cauliflower c v . ' 
Pride of India' (mean of six replicates). 
Dip Treatment Weight (g) . Final Water 
Duration Cone. Shoot Root Total popu- R Pf absorbed 
lation Pi per plant 
per pot (g) 
Cabbage Margosa (neem) 
20 S 23.4 10.0 33.4 (26.75) 1790 1.79 23.3 (39.32) 
S/2 19.5 8.3 27.8 (39.03) 1850 1.85 20.2 (47.39) 
S/10 15.2 5.7 20.9 (54.16) 2120 2.12 17.5 (54.42) 
40 s 25.5 6.8 32.3 (29.16) 1600 1.60 25.4 (33.85) 
s/2 22.0 7.3 29.3 (35.74) 1750 1.75 23/2 (39.58) 
S/10 19.8 7.0 26.8 (41.77) 1880 1.88 22.8 (40.62) 
80 s 28.5 11.0 39.5 (13.37) 1000 1.00 34.3 (10.67) 
s/2 22.0 10.0 32.0 (29.82) 1510 1.51 30.0(21.87) 
S/10 20.4 10.5 30.9 (32.23) 1600 1.60 27.5 (28.38) 
Undipped-Inoculated 17.3 10.8 28.1 (38.37) 2640 2.64 9.0 (76.56) 
Undippcd-Uninoculatcd 31.6 14.0 45.6 - - 38.4 
C.D. (F=0.05) 2.4 28.9 3.76 
C.D.(P=0.01) 3.3 39.6 5.0 
Caulinower 
20 S 24.6 10.4 34.0 ( 0.09) 1710 1.71 23.1 (42.96) 
S/2 22.5 9.0 31.5 (15.77) 1780 1.78 20.5 (49.38) 
S/10 19.9 7.0 26.9 (28.07) 2000 2.00 18.0 (55.55) 
40 s 28.6 11.2 39.8 ( 6.41) 1450 1.45 27.1 (33.08) 
s/2 23.7 8.0 31.7(15.24) 1680 1.68 24.3 (40.00) 
s/10 20.2 7.5 27.9 (25.40) 1960 1.96 21.2(47.65) 
80 s 32.0 16.8 48.8 (30.48) 970 0.97 34.8 (14.07) 
s/2 25.0 13.6 38.6 ( 3.20) 1290 1.29 31.4(22.46) 
S/10 21.6 12.3 33.9 ( 9.35) 1530 1.53 29.0 (28.39) 
Undipped-Inoculated 18.5 10.3 28.8 (22.99) 2500 2.50 10.0 (75.30) 
Undipped-Uninoculated 34.4 13.0 37.4 - - 40.5 
C.D. (P=0.05) 4.5 32.0 2.6 
C.D.(P=0.01) 6.1 43.8 3.5 
Figures in purcnlhcses are % rcduclion over unJippcd-uninocuUtcd conlrol. R = Rcproduclion factor. Pf 
= Final popuhiion; Pi = Iniiijl population. 
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arbitrarily termed as standard (S). Other dilutions viz., S/2 and S/10 were 
prepared from 'S' by adding requisite amount of distilled water. 
Roots of 3-weck-old seedlings of cabbage (Brassica olcracea capitata 
L.) cv. 'Maghi' and cauliflower (B. olcracea boirytis L.) cv. 'Pride of India', 
raised in sterilized soil, were separately dipped in different concentrations of 
leaf extracts for 20, 40 or 80 minutes. Each treatment was replicated 6 times. 
After the dip treatment the roots were thoroughly washed in running water 
and the seedlings transplanted in 15 cm diameter clay pots containing 1 kg 
autoclaved soil. Each seedling was then inoculated with freshly isolated 
1000 specimens of T. brassicae, separately. Three months later, the plants 
were carefully uprooted and washed gently. Water absorption capability of 
roots was determined following the method of Alam et al (1974). Plant 
growth was measured for weight of shoot and root. The fmal population of 
the nematode was determined by using Cobb's sieving and decanting tech-
nique along with the modified Baermann funnel technique (Southey, 1986). 
The reproduction factor (R) was calculated by dividing the final population 
with the initial population (Pf/Pi) as suggested by Costenbrink (1966). 
Results 
The stunt nematode. T. brassicae significantly reduced plant growth of 
cabbage and cauliflower but bare-root-dip treatments in leaf extracts of 
neem and Pcrsian lilac significantly decreased nematode damage to the 
plants 'cy reducing the population of the nematode. The nematode population 
gradually decreased with an increase in concentration of the leaf extracts and 
the duration of dip treatment (Tables 1&2). The reproduction factor of the 
stunt nematode was directly correlated to the plant damage. The test plants 
showed greatest susceptibility to the stunt nematode as indicated by high 
population build-up and heavy loss of plant weight in undipped-inoculated 
Significant inhibition in water absorption was observed in infected roots 
of the test plants. Maximum reduction in water absorption was noted when 
the roots of cabbage and cauliflower were not subjected to root-dip treat-
ment, whereas minimum reduction in water absorption was observed after 
treatment with 'S' concentration of 80 minutes dip duration in the leaf extract 
(Tables 1&2). Reduction in water absorption was found more in cabbage 
than cauliflower (Tables 1&2). 
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Table 2. Effect of bare-root dip in the leaf extracts of Persian lilac/ 
bakain on the population of stunt nematode, Tylenchorhynchus brassicae 
and plant growth of cabbage cv. 'Maghi and cauliflower cv. 'Pride of 
India (means of six replicates). 
Dip Treatment Weight (g) Final Water 
Duration Cone. Shoot Root Total popu- R Pf absorbed 
latlon Pi per plant 
per pot (g) 
Cabbage Margosa (neem) 
20 S 20.6 9.1 29.7 (34.86) 1840 1.84 21.2(44.79) 
S/2 16.2 7.3 23.5 (48.46) 1900 1.90 19.8 (48.43) 
S/10 12.0 5.1 17.1 (62.50) 2190 2.19 17.0(55.72) 
40 S 22.4 6.0 28.4 (37.71) 1650 1.65 24.6 (35.93) 
S/2 18.3 5.2 23.5 (48.46) 1780 1.78 20.0(47.91) 
S/10 152 5.0 20.2(55.70) 1910 1.91 19.7 (48.69) 
80 S 25.6 10.2 35.8 (21.49) 1090 1.09 30.0(21.87) 
S/2 20.2 8.9 29.1 (36.18) 1600 1.60 27.5 (28.38) 
S/10 19.3 7.7 27.0 (40.78) 1720 1.72 25.4 (33.85) 
Undipped-Inoculated 17.3 10.8 28.1 (38.37) 2730 2.73 9.0 (76.56) 
Undipped-Uninoculated 31.6 14.0 45.6 - - 38.4 
C.D. (P=0.05) 3.1 26.8 3.0 
C.D.(P=0.01) 4.3 35.0 4.1 
Cauliflower 
20 S 24.2 9.0 33.2 (11.22) 1750 1.75 21.0(48.14) 
S/2 19.4 8.7 28.1 (24.86) 1820 1.82 19.7(51.35) 
S/10 16.8 6.9 23.7 (36.63) 2090 2.09 17.1 (57.77) 
40 S 25.4 10.3 35.7 ( 4.54) 1510 1.51 24.6 (39.25) 
S/2 21.5 6.8 28.3 (24.33) 1730 1.73 22.2(45.18) 
S/10 18.8 7.0 25.8 (31.01) 2000 2.00 19.1 (52.83) 
80 S 29.1 14.4 43.5 (16.31) 1010 1.01 30.0 (25.92) 
S/2 22.8 12.2 35.0 ( 6.41) 1330 1.33 27.9 (31.11) 
S/10 19.0 11.7 30.7(17.91) 2600 2.60 25.8 (36.29) 
Undippcd-Inoculaied 18.5 10.3 28.8 (22.99) 2500 2.50 10.0(75.30) 
Uiidippcd-Uninoculated 134.4 13.0 37.4 - - 40.5 
C.D.(P=0.05) 4.6 32.5 3.4 
C.D.{P=0.01) 6.3 44.6 4.7 
rigurcs in parentheses are fo reduction over undippcd-uninoculalcd control. R = Reproduction t'actor, Pf 
= Final population; Pi = Initial populauon. 
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Discuss ion 
The protective action of the leaf extracts of neem and Persian l i lac 
against the stunt nematode appears to be due to the presence o f chemicals in 
them. Possibly these chemicals are either absorbed by the roots or an 'elici-
tor/activator' reaction was initiated by some factor present in the extracts. 
(Bell, 1981; Giebel, 1982). According to Kast (1985) an induced defence 
mechanism may have some practical utility in integrated biological nema-
tode management strategies. 
From the present as well as from the earlier study (Siddiqui & Alam, 
1987, 1988a) it would appear that leaves of neem and Persian lilac possess 
some broad spectrum factor which has the potential against nematodes with 
different modes of feeding. Systemic action of azadirachtin, a triterpenoid 
from neem, against root-knot nematode has been reported by Siddiqui & 
Alam (1988b). 
The loss in water absorption ef f ic iency of plant roots due to the stunt 
nematode was effectively overcome by root-dip treatment in leaf extracts. 
This may be due to improvement in plant growth from the treatment result-
ing in increased root-surface area (absoiption area) as well as leaf surface 
area which acted indirectly by increasing transpiration pull. These studies in-
dicate that non chemical methods for managing nematode problem can be 
developed free from pollution risks. 
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ABSTRACT 
Saw dusts of necm and mango greatly reduced root-knot development and 
multiplication of Rotyienchulus reniformis on tomato and eggplant, and 
Tylenchorhynchus brassicae on cabbage and cauliflower. The nematode 
control gradually increased with increasing dose of sawdust. Sawdust of neem 
was more efficacious than that of mango. Ammonium sulphate also proved 
effective against these nematodes but the degree of nematode control was less 
than that achieved by the sawdusts. As a consequence of nematode control, 
plant growth improved, with a few exceptions where higher doses of sawdust 
were phytotoxic to tomato and eggplant but not to cabbage and cauliflower. 
The combined effect of sawdust and ammonium sulphate was greater than for 
cither of the separate treatments both with respect to nematode control and to 
the improvement in plant growth. The phytotoxicity of sawdust was 
effectively eliminated by supplementing the sawdust with ammonium 
sulphate. 
I N T R O D U C T I O N 
Large quantit ies o f sawdust are produced as byproducts o f w o o d industries. 
It is utilized as c h e a p fuel, liquid absorbent , filling material, etc. Since it is 
* T o w h o m c o r r e s p o n d e n c e s h o u l d be a d d r e s s e d 
123 
Biological WU.UM 0269-7483/90 /$03-50 © 1990 Elsevier Science P u b l i s h e r s Ltd, E n g l a n d . 
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def ic ient in n i t r o g e n , i' is no t f a v o u r e d a s a soil a m e n d m e n t , t h o u g h s o m e 
r e p o r t s i n d i c a t e its p o t e n t i a l f o r n e m a t o d e c o n t r o l (Mi l le r & E d g i n g t o n , 
1962; S ingh ci a!., 1967; S i n g h & S i t a r a m a i a h , 1971). T h e r e f o r e , it h a s been 
sugges t ed (S ingh ci al., 1967) t h a t it s h o u l d be s u p p l e m e n t e d w i t h 
n i t r o g e n o u s fert i l izers , M i a n a n d R o d r i g u e z - K a b a n a (1982) have c l a i m e d 
t h a t n e m a t o d e - c o n t r o l p r o p e r t i e s o f soil a m e n d m e n t s a r e d i rec t ly r e l a t ed 
wi th the N c o n t e n t o r inverse ly r e l a t ed w i t h t h e C : N ra t io . Bu t in t h e c a s e of 
s a w d u s t it w a s n o t e d by o n e o f t he a u t h o r s ( A l a m , M . M., u n p u b l i s h e d ) t h a t 
it is no t the C : N r a t i o bu t t h e C c o n t e n t , o r in o t h e r w o r d s the a m o u n t of 
s a w d u s t , w h i c h h a s d i rec t c o r r e l a t i o n w i t h t h e e x t e n t o f n e m a t o d e c o n t r o l . 
H o w e v e r , in a n o t h e r r e p o r t , R o d r i g u e z - K a b a n a et al. (1987) e x p r e s s e d t h e 
o p i n i o n t h a t t he e f fec t iveness of a g iven o r g a n i c m a t t e r d e p e n d s o n its 
c h e m i c a l c o m p o s i t i o n a n d the t ypes of m i c r o o r g a n i s m s t h a t d e v e l o p d u r i n g 
its d e c o m p o s i t i o n . In o r d e r t o f u r t h e r ve r i fy t h e s e resul ts , a n a t t e m p t h a s 
been m a d e to c o m p a r e the ef f icacy of s a w d u s t o f t w o d i f fe ren t s o u r c e s 
a g a i n s t p l a n t p a r a s i t i c n e m a t o d e s i n f e s t i n g c e r t a i n vege tab les . 
M E T H O D S 
O n e k i l o g r a m of a u t o c l a v e d soil in 15-cm d i a m e t e r c lay p o t s w a s t r e a t e d 
wi th s a w d u s t o f n e e m (Azadirachta indica A . Juss . ) o r m a n g o {Mangifera 
indka L.) a t t h e r a t e of 5, 10 a n d 20 g c a r b o n , a n d / o r a m m o n i u m s u l p h a t e a t 
t h e ra te of 1 g of n i t r o g e n . T h u s , d i f f e r e n t C : N r a t i o s (0 :1 , 5 :0 , 10 :0 . 2 0 : 0 , 
5 :1 , 10:1 a n d 20 :1 ) were m a i n t a i n e d . T h e n i t r o g e n in t h e s a w d u s t w a s in 
negl ig ib le a m o u n t . T h e c a r b o n a n d n i t r o g e n in t h e soil, if any , p r i o r t o 
a m e n d m e n t , w e r e c o m m o n f a c t o r s in all t h e t r e a t m e n t s ; t h e r e f o r e , t h e y w e r e 
n o t c o n s i d e r e d f o r the a d j u s t m e n t of t h e f ina l C : N ra t io . A f t e r w a i t i n g f o r 
t w o weeks , 3 - w e e k - o l d s eed l i ngs of t o m a t o (Lycopersicon esculentum Mil l . ) 
cv. "Pusa R u b y \ e g g p l a n t {Sotanum melongena L.) cv. ' P u s a P u r p l e L o n g ' , 
c a b b a g e {Bnissica oleracea capitata L.) cv. ' P r i d e o f I n d i a ' a n d c a u l i f l o w e r 
(Brassica oleracea hoiryiis L.) cv. ' M a g h i ' , r a i sed in s ter i l ized soil , w e r e 
t r a n s p l a n t e d to these po t s . O n the n e x t d a y , t h e s e e d l i n g s w e r e i n o c u l a t e d 
w i t h 5000 s p e c i m e n s of t h e r o o t - k n o t n e m a t o d e , Meloidogyne incognita 
( K o f o i d & W h i t e ) C h i t w o o d , t h e r e n i f o r m n e m a t o d e , Rotylenchutus 
renijormis L i n f o r d & O l i v e i r a , a n d t h e s t u n t n e m a t o d e , Tylenchorhynchus 
brassicae S idd iq i , s e p a r a t e l y . T h e r e w e r e six r e p l i c a t e s f o r e a c h t r e a t m e n t . 
U n t r e a t e d p o t s s e rved as c o n t r o l s . T h e e x p e r i m e n t w a s t e r m i n a t e d a f t e r 
t h r e e m o n t h s . T h e p l a n t s w e r e w a s h e d a n d t h e w e i g h t o f s h o o t a n d r o o t 
d e t e r m i n e d . T h e final p o p u l a t i o n o f R. reniformis a n d T. Brassicae w a s 
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d e t e r m i n e d by u s ing C o b b ' s s ieving a n d d e c a n t i n g t c c i i n i q u e a l o n g wi th a 
m o d i f i e d B a c r m a n n f u n n e l m e t h o d ( S o u t h e y , 1986). R a t m g for r o o t gall 
i n d e x ( G l ) was d o n e on the 0 - 5 scale of T a y l o r a n d S a s s e r ( S a s s c r c/ al., 1984). 
R E S U L T S 
R o o t - k n o t d e v e l o p m e n t w a s s ign i f i can t ly i n h i b i t e d by the a p p l i c a t i o n o f the 
s a w d u s t s o r a m m o n i u m s u l p h a t e ; h o w e v e r , it w a s m o r e p r o n o u n c e d in the 
f o r m e r case ( T a b l e I). W h e n b o t h these t r e a t m e n t s were g iven t o g e t h e r , t h e r e 
TABLK 1 
EiTccl o f , S a w d u s t s o f M a n g o an<i N e e m . a n d A m m o n i u m .Sulphate in DilTercnl C : N R a t i o s 
o n t h e R o o t - K n o t D e v e l o p m e n t C a u s e d by Melouto^vnc imin^niiti , ind I ' lanl G r o w t h ot 
T o m a t o cv. 'Pt isa Ruby" a n d t i g g p l a n t cv. "Pusa P u r p l e L o n g ' ( M e a n o f Six Rep l i ea t e s i 
Saw Jus! 
source, 
C ' . V 
Tonnilo 
Plant weigh/ (,!,') Rooi-kno! 
index 
Plant weight ( t;) 
UN IX UX IX 
I N , I n o c u l a t e d p l a n t s , U N . u n i n o c u l a t c d p l a n t s . 
C D , Cr i t i c a l dilTerence. 
Root-knot 
index 
M a n g o 
0 : 0 18-7 10-2 5 0 0 1 8 3 14-3 5(X) 
0 : 1 23-4 17-5 4-25 24-5 20 2 4 0 0 
5 : 0 1 4 1 n o 2-71 17-9 15 0 2-78 
10 :0 7'4 6 0 2-53 114 10 5 2 51 
2 0 : 0 7-2 5 1 2-00 8-4 (rl 1 50 
5:1 25-1 16-3 2-43 24 2 20-5 2-50 
10:1 35-8 29-9 2-33 2 5 3 20-5 1 96 
20:1 36-8 28-1 0-40 2V-,X 22 6 1 5 0 
C [){/> = 0 051 2 1 1-9 0-31 3 1 2-4 0-54 
C D ( / ^ = 0 0 l l 3-8 21 0-43 4-3 3 0-^5 
N e c m 
0 : 0 18-7 10-2 5 0 0 IS-3 14 3 50<) 
0 : 1 23-4 17-5 4-25 24-5 20-2 4 0 0 
5 : 0 19-3 1 6 0 2-50 19-3 17 5 2-50 
1 0 : 0 16-5 1 0 1 2 1 5 13-5 8-6 2 1 5 
2 0 : 0 11-5 10 0 0-50 11-5 10 3 1 0 0 
5:1 2 8 0 21-9 2-30 28-0 22-6 2-20 
10:1 28-1 23-6 2-20 28 1 22-6 1-50 
20 :1 30-8 2 3 0 0 0 0 30-8 25-8 0-30 
C D ( / ' = 0 0 5 ) 3-4 1 6 0-28 2 8 3 1 0 52 
C D ( P = 0 0 n 4-8 2-3 0-40 3-9 4-3 0-73 
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vvas f u r t h e r r e d u c t i o n in t h e r o o t - k n o t i n d i c e s . T h e r o o t - k n o t d e v e l o p m e n t 
g r a d u a l l y d e c r e a s e d w i t h i n c r e a s i n g d o s e o f s a w d u s t . N e e m s a w d u s t w a s 
m o r e i n h i b i t o r y t h a n m a n g o s a w d u s t . T h e r e w a s s i g n i f i c a n t loss in p l a n t 
w e i g h t w h i c h w a s , h o w e v e r , d i m i n i s h e d b y t h e a p p l i c a t i o n o f a m m o n i u m 
s u l p h a t e a l o n e o r in c o m b i n a t i o n w i t h t h e s a w d u s t . S a w d u s t a l o n e , 
p a r t i c u l a r l y a t h i g h e r d o s e s , w a s p h y t o t o x i c a n d i n h i b i t e d p l a n t g r o w t h . 
A s i m i l a r t r e n d w a s n o t e d in t h e s e c o n d e x p e r i m e n t ( T a b l e 2) w h e r e 
t o m a t o a n d e g g p l a n t w e r e i n o c u l a t e d w i t h R. rcniforniis. T h e final c o u n t o f 
t h e n e m a t o d e w a s m u c h l o w e r in al l t h e t r e a t m e n t s t h a n in t h e u n t r e a t e d 
c o n t r o l . H e r e a g a i n , s a w d u s t c a u s e d m o r e i n h i b i t i o n o f t h e n e m a t o d e 
T.ABLE 2 
EfTcci of S a w d u s t s of M a n g o a n d Nccni , a n d A m m o n i u m S u l p h a t e in Different C : N R a t i o s 
on the P o p u l a t i o n o f Roiylenchulus rcnifomiis a n d P lan t G r o w t h of T o m a t o cv. "Pu.sa R u b \ ' 
a n d Eggp lan t cv. "Pusa P u r p l e Long" ( M e a n of Six Repl ica tcs i 
Sawdust Tomato Eg<^planl 
^tJl4/ I t , 
C:N Plant weif^ht (i ') Final 
f^z J mil /t t / / J n 






0;0 17-6 12-9 6 456 18-3 11-0 6 374 
0:1 22-6 17-2 2012 24-5 22-0 1952 
5:0 141 12-4 1 703 17-9 15-2 1 827 
10:0 7-4 6-6 1 553 11-4 9-5 1 703 
20:0 7-2 6 0 1 473 8-4 7-0 1 517 
5:1 25-1 21-2 1 597 24-2 21-5 1453 
10:1 35-8 32-5 1 340 25-2 22-3 1 443 
20:1 .17-5 33-3 1 230 23-3 23-3 863 
CD(/ ' = 005) 2-6 3-2 95-3 T.T 105-8 
CD(/^ = 001) 3-7 4-5 132-3 3-0 4-6 146-8 
N e e m 
0:0 17-6 12-9 6 456 18-3 11-0 6 374 
0:1 22-6 17 2 2012 24-5 22-0 1 952 
5:0 17-2 13-6 1 557 19-3 18-4 1 550 
10:0 11-3 8-4 1 433 18-5 10-0 1 450 
20:0 91 7-2 1 263 11-5 10-3 1410 
5:1 371 21-3 1 503 28-0 24-1 990 
10:1 37-2 35-4 1 413 28-7 25-1 960 
20:1 37-5 32-1 1043 30-8 27-0 650 
CD(P = 005) 31 4-3 98-4 2-2 3-5 II3-0 
CD(/ ' = 001) 4-2 6 0 136-6 3-0 4-8 156-8 
IN, I nocu l a t ed p lan t s ; U N , u n i n o c u l a t e d p lan t s . 
C D , Cr i t ica l d i f ference. 
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m u l t i p l i c a t i o n t h a n a m m o n i u m s u l p h a t e . W i t h s a w d u s t , t h e i n c r e a s i n g d o s e 
b r o u g h t a b o u t a g r a d u a l d e p r e s s i o n in t i ie f ina l p o p u l a t i o n o f t h e n e m a t o d e . 
T h e p l a n t g r o w t h s h o w e d a l m o s t t h e s a m e t r e n d a s in t h e c a s e o f t h e f i rs t 
e x p e r i m e n t . 
W h e n c a b b a g e a n d c a u l i l l o w e r w e r e i n o c u l a t e d w i t h T. hrassicae, t h e 
e f f i c a c y o f d i f f e r e n t t r e a t m e n t s a g a m s t t h e n e m a t o d e w a s m o r e o r less t h e 
s a m e a s in t h e c a s e o f R. reniformi.s (Table 3). H o w e v e r , s a w d u s t d i d n o t s h o w 
a n y s ign o f p h y t o t o x i c i t y a g a i n s t c a b b a g e o r c a u l i f l o w e r ; it c a u s e d 
s i g n i f i c a n t i m p r o v e m e n t in p l a n t g r o w t h w h e n a p p l i e d a l o n e o r in 
c o m b i n a t i o n w i t h a m m o n i u m s u l p h a t e ( T a b l e 3). 
T.\BLK 3 
EITccl of S a w d u s t s of M a n g o a n d Ncem, a n d . ' \ n in ion iu in .Sulphate in Different C : N Ra t ios 
on the P o p u l a t i o n of Tylenchorhynchus hrassicae a n d Plant G r o w t h of C a b b a g e c \ . ' P r ide of 
\ nd i a ' and Cau l i f l ower cv, ' M a g h i ' ( M e a n of Six Repl ica tes) 
Sa\i dust Cabbage Caulijiower 
source, 
C:N Plant weight (g) Final 
nr^ m!!f! / iti 
Plant ! 
UN 
weight (g) Final 
UN IN 
fn 'f'UlU I Hjrt 
IN 
popUlUlK 
M a n g o 
0 : 0 37-3 32-2 6 280 4 3 1 38-9 6 4 3 5 
0:1 54-9 49-6 2 135 61 6 55-4 2 275 
,5:0 40-2 37-5 1 810 47-8 41-4 I 830 
10:0 4 3 0 40-1 1 750 5 1 5 47-7 1 750 
2 0 : 0 4 5 0 4 2 0 1 490 57-5 51-9 1443 
5:1 65-5 61-7 1 500 66-5 61-3 1 747 
10:1 71-8 66-7 1 450 69-1 65-4 1 527 
20:1 75-6 71-7 1 340 71-3 64-4 833 
C D ( / ' = 0 0 5 ) 2 S 3 1 89-3 2 4 3-2 120 5 
C D ( / ' = 0 0 n 3-9 4-3 123-9 3-5 4-4 167-2 
N c e m 
0 : 0 37-3 32-2 6 280 4.V1 38-9 6 435 
0:1 54-9 4 9 6 2 135 61-6 55-4 2 275 
5 : 0 43-5 3 9 0 1 760 5 0 4 44-5 1850 
10:0 48-5 45 1 1 660 54-5 50-3 1 700 
2 0 : 0 53-3 49-8 1 360 5 9 8 55-8 1 310 
5:1 62-3 58-4 1 650 74-5 69-0 1 700 
10:1 55-4 49-4 1 447 76-0 71-0 1 510 
20:1 68-3 6 3 0 I 320 76-3 73-1 710 
C D ( F = 0 0 5 ) 2-6 4-5 110-3 3-0 3 1 235-4 
C D ( / ' = 0 0 1 ) 3-6 6-2 1531 4-2 4-3 326-7 
I N , I n o c u l a t e d p lan t s ; U N , u n i n o c u l a l e d p l an t s . 
C D , Cr i t ica l difTercnce. 
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D I S C U S S I O N 
In the present study, efficacy o f sawdust and/or a m m o n i u m sulphate was 
studied against three important nematodes having difTerent m o d e s of 
feeding: M. incognita is an endoparas i te , R. reniformis is a semi-
endoparasite , while T. hrassicae is an ectoparasite. In all cases, significant 
control o f these nematodes was achieved with soil amendment with sawdust. 
These results are in agreement with those of Miller and Edgington (1962) 
and Singh et al. (1967). The present findings also indicate that the efficacy o f 
difierent sources of sawdust is different. N e e m sawdust proved to be more 
eff icacious against the test n e m a t o d e s than m a n g o sawdust. This is 
understandable , since neem is k n o w n to be very rich in nematode- tox ic 
triterpenoids and f lavonoids such as azadirachtm, nimbin, nimbidin, 
nimbidic acid, th ionemone , kaempferol and quercetin (Khan et al.. 1974; 
Siddiqui, 1986). However , the general m o d e of action of sawdust in 
nematode control has not been worked out. 
N e m a t o d e control due to the appl icat ion of a m m o n i u m sulphate may 
have been caused by the release of a m m o n i a which is k n o w n to be highly 
toxic to n e m a t o d e s (Mojtahedi & Lownsbery , 1976). 
The C : N ratio of sawdust a m e n d m e n t is narrowed with the addit ion of N 
and the narrow C : N ratio was more effective. However , a m o n g difTerent 
treatments where the C level was varied but the N level was constant , it was 
seen that narrow C; N ratios were less effective than wider C: N ratios. Thus, 
no general izat ion can be m a d e for the correlat ion of the level of n e m a t o d e 
control with the C: N ratio. The present results clearly indicate that it is the C 
content and not the C : N ratio which determines the level o f n e m a t o d e 
control . M i a n and Rodr iguez -Kabana (1982), on the other hand, are of the 
view that there is an inverse relation between the C ; N ratio of the 
a m e n d m e n t and the degree o f n e m a t o d e control achieved by it. However , in 
another publ icat ion R o d r i g u e z - K a b a n a el al. (1987) have concluded that the 
efficacy o f an organic addit ive depends o n its chemical c o m p o s i t i o n and the 
type of microorganisms which d e v e l o p during the degradat ion o f the 
additives. This view of R o d r i g u e z - K a b a n a et al. (1987), in a way, fully 
supports the present authors' findings, as the neem sawdust w a s more 
effective than m a n g o sawdust at s a m e C : N ratios. 
Improvement in plant growth due to the appl icat ion o f sawdust, with few 
except ions where it showed phytotoxic i ty , w a s due to the reduct ion in 
n e m a t o d e mult ipl ication. However , w h e n sawdust was supplemented with 
N , the p h y t o t o x i c eflect w a s not on ly d iminished but the plant g r o w t h was 
greatly enhanced , which was caused by the contro l o f nematodes as well as 
the fertilizer effect on the plants. T h e p h y t o t o x i c effect o f sawdust when 
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a p p l i e d a l o n e was ev iden t o n l y in the case ot t o m a t o a n d e g g p l a n t a n d n o t 
c a b b a g e a n d cau l i f lower . T h i s i nd i ca t e s t h a t it m i g h t be d u e to s o m e specif ic 
r e a c t i o n s of these p l a n t s to the s a w d u s t t r e a t m e n t . 
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CONTROL OF ROOT-KNOT, RENIFORM AND STUNT NEMATODES 
BY NIMBIN SEED DRESSING 
by 
M . A . S I D D I O U I a n d M . M . AI,.'-.M 
Summary. The application of nlmbln as seed dressing sigiiiticancly reduLcd the root-knot developmcnt/nematode population, wir;-. j con-
sequent improvement in plant growth at all levels of nematode inoculation on tomato, egu,plant and okra attacked by Mcio!drj'/;;i:c -.K^oyiila 
and Ratylcnchulus rcmfonnn and on cabbage and cauliflower attacked b\- 'I'xlcnchorhyiichiis braniccic. 
N e e m (margosa) , Azadirachta indica A. Juss . , is well 
k n o w n for its n e m a t i c i d a l p roper t i e s . Var ious p lant p a r t s 
a n d seed-cake h a v e b e e n used as soil a m e n d m e n t aga ins t 
n e m a t o d e s . S i n g h et al. (1980) used n e e m cake as a seed 
d res s ing a n d o b t a i n e d good con t ro l of r oo t -kno t n e m a -
t o d e . S i d d i q u i a n d A l a m (1988, 1989a,b) later f o u n d t h a t 
a z a d i r a c h t i n , a t r i t e r p e n o i d f r o m n e e m , was o n e of t he ac-
t ive c o m p o n e n t s of t he oil-seed cake w h e n used for seed 
d ress ing . I n t h e p r e s e n t s tudy we have e x a m i n e d t he e f f i -
cacy of a n o t h e r t r i t e r p e n o i d f r o m n e e m , n i m b i n , as a seed 
t r e a t m e n t aga ins t t he r o o t - k n o t n e m a t o d e , Meloidogyne in-
cognita ( K o f o i d W h i t e ) C h i t w . , t he r e n i f o r m n e m a t o d e , 
Rotylenchulus reniformis L i n f o r d et O l ive i ra and the s t u n t 
n e m a t o d e , Tylenchorhynchus bmssicac S iddiq i . 
t odes (ee Tables) . W i t h okra , t r e a t e d as well as u n s e a t e d 
seeds were sown di rec t ly and the p lan t s were i nocu l a t ed 
t h r e e weeks a f t e r g e r m i n a t i o n . E a c h t r e a t m e n t was repli-
ca t ed f ive t imes . A f t e r two m o n t h s , t h e p lan t s vcere up-
r o o t e d , washed and the i r l engths and we igh t s de t e r r . i i ned . 
Fo r AF. incognita — inocula ted p lan t s t he r o o t - k n o : index 
was d e t e r m i n e d on a 0-5 scale of T a y l o r a n d Sasser Sasser 
et al., 1984). T h e f inal soil p o p u l a t i o n s of R. reni/orr'.-is and 
T. brasstcae we re d e t e r m i n e d by us ing C o b b ' s s iev ing and 
d e c a n t i n g and mod i f i ed B a e r m a n n f u n n e l t e c h n i q u e s 
(Sou they" 1986). 
R e s u l t s and discuss ion 
Materials and methods 
O n e g r a m n i m b i n was d issolved in 10 ml of 9 0 % alco-
hol and t he so lu t i on was f u r t h e r d i l u t e d 1:100 w i th dis-
t i l led w a t e r . G u m arab ica at 5 g in 100 ml so lu t ion w a s 
a d d e d to se rve as a s t i cker . Seeds of t o m a t o (Lycopentcou 
esculentum Mil l . ) cv. ' P u s a R u b y ' , eggplant (Soldniim nie-
longena L.) cv . ' P u s a P u r p l e L o n g ' , okra (Ahchnoschus «-
culentus M o e n c h . ) cv . ' P u s a S a w a n i ' , c abbage (Brassica ole-
racea capitata L.) cv . ' P r i d e of I n d i a ' a n d cau l i f lower (Bws-
%ica oleracea botrytis L.) cv. ' M a g h i ' were t r e a t e d w i t h t h e 
so lu t ion . T h e t r e a t e d seeds were t h e n air d r i ed b e f o r e sow-
ing. E x c e p t i n g ok ra , t r e a t e d and u n t r e a t e d seeds w e r e 
sown in p o t s c o n t a i n i n g au toc laved soil. T h r e e weeks a f t e r 
g e r m i n a t i o n , t h e seedl ings w e r e t r a n s p l a n t e d singly to 15 
c m clay p o t s c o n t a i n i n g 1 kg au toc laved soil and t he p o t s 
were t h e n i n o c u l a t e d w i th d i f f e r e n t inocula of t he n e m a -
T h e g r o w t h of t o m a t o , eggplan t and okra was r educed 
bv roo t -kno t and r e n i f o r m n e m a t o d e s (Tables I - I I ' and 
c a b b a g e and cau l i f lower by t he s t u n t n e m a t o d e ( T a r . e III) . 
R e d u c t i o n in p lan t g r o w t h was m o r e p r o n o u n c e d ' .vuh in-
creas ing inocula . T h e g r o w t h of p l an t s raised fro.— seeds 
t r e a t e d w i t h n i m b i n and i nocu la t ed w i t h 500 c : 5000 
n e m a - t o d e s was h igher t h a n those ra ised f r o m u - . : r ea t ed 
seeds and inocu la t ed wi th t he n e m a t o d e s . T h e r e as no 
r e d u c t i o n in g r o w t h at t he lowes t i n o c u l u m level, i.e. 50 
n e m a t o d e s / p l a n t (Tables I - I I I ) . 
T h e resul ts ind ica te t h a t n i m b i n gave full p r o t e c t i o n 
aga ins t the tes t n e m a t o d e s . T h e n e m a t o d e species repre-
sen t t h r e e d i f f e r e n t modes of f e ed ing , viz . , incoinita is 
an e n d o p a r a s i t i c species, R. reniformis is a semi-
e n d o p a r a s i t i c species whi le T. brassicae is an ec topa ra s i t i c 
species a n d t h u s n i m b i n has a b road s p e c t r u m of eff icacy 
agains t n e m a t o d e s . 
R e d u c t i o n in n e m a t o d e s n u m b e r s and corresr-ondini ; 
— 19 — 
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improvci i icnl in phint j^rowlli luivo l)cLii ohui inc i l In' seed 
i rcn l incn l wiili iliflcix-iu oil-c.ikcs <•/ a!. , 1980) o r 
Willi till f i ' icnl ox t rnc l s of nccni .iiul ;i t lo^c ix-lativc Pers ian 
lilac, Mclta uzcdiuach i.. fSiddiqui and Alam. IV87I. Tri-
icrpcnoids present iri the ircatmenis may have been the 
active principle involve;'!. 
1 Aiii.i; 1 - I'.ffcct of seed trealuwit iril'n niiiihiii on root-knot clevelopvieilt and jdaiit o,f/wtr. o/ lo/i/ato, cyjijiliint and okni ':••: soil 
infested by Meloidogync incognita. 
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TABLI; I I - Effect of iCcd Uealmcnt with ntmhin of: the populatioi: of R o l y l e n c h u l u s r c n i f o r m i s and iilaiit tiioivlh nf ir>-:.:;r>. 
c^plant and okra. 
Iimculuni 
level 
T o m a t o 
0 
5 0 
5 0 0 
5 0 0 0 
C . D , (P = 0 . 0 5 ) 
C . D . (P = 0 , 0 1 ) 
E g g p l a n t 
0 
5 0 
5 0 0 
5 0 0 0 
C . D . ( £ = 0 . 0 5 ) 
C . D . ( £ = 0 . 0 1 ) 
O k r a 
0 
5 0 
5 0 0 
5 0 0 0 
C . D . (P = 0 . 0 5 ) 
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0 . 2 5 
0 . 3 7 
S l l O O l 
1 6 . 3 
1 8 . 0 
1 5 . 5 
1 6 . 0 
10 .3 
1 3 . 6 
7 . 0 
8 . 4 
0 . 3 0 
0 . 4 5 
18.0 
2 0 . 3 
17 .3 
1 9 . 0 
12.0 
1 5 . 6 
7 . 6 
9 . 1 
0 . 4 6 
0 . 6 8 
2 3 . 4 
3 0 . 0 
2 1 . 4 
2 8 . 3 
1 7 . 0 
2 1 . 4 
1 0 . 0 
15 .0 
0.26 
0 . 3 9 






4 . 0 
6 . 0 





1 4 . 0 
8 . 1 
1 0 . 2 
7 . 0 
8.2 
0 . 5 0 
0 . 7 5 
1 2 . 3 
1 6 . 0 
12.0 
1 7 . 0 
11 .3 
14 .0 
7 . 3 
10 .3 
0 . 2 5 
0 . 3 8 
1 10 
20 
S 3 0 
MO 
o J 50 
- MiO 
" VS8 





4 2 5 5 
8 3 , 1 7 





> 7 5 0 
- 0 0 0 
"^.75 
10 7 . 7 4 
U = Untreated seed. T = Treated seed. 
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I'AIIU': III - lifjcct of seed treaUnoit with mmhin on the population o / T y l e n c h o r h y n c h ' i s h r a s s i c a e and plant growth of cacbagc 
and cutiUj'lowcr. 
liuiLulnin Lenj'.th (cm) Is) 
level 
1 : - •, 1; u 1 c 111 
ShvVM Root Shoot Kc.di 
C a b b a g e 
0 I J 17 14 3 3 . 2 1 2 . 0 — 
T 2 0 17 3 6 . 9 13 .5 — 
5 0 I J 17 13 3 3 . 0 1 0 . 0 1 2 0 
T 17 15 3 5 . 0 1 1 . 0 4 0 
5 0 0 I J L) 11 2 9 . 1 8 . 7 7 5 0 
T ! 4 13 3 2 . 6 9 . 3 3 7 0 
5 0 0 0 U 9 9 2 3 . 8 5 . 5 6 4 1 0 
11 9 2 6 . 2 7 . 0 - 2 5 0 
C . D . (F = 0 . 0 5 ) 0 . 2 7 0 . 2 7 0 . 2 8 0 . 2 9 7 0 . 5 8 
C . D . (P = 0 . 0 1 ) 0 . 4 0 0 4 1 0 . 4 2 0 . 4 3 1 0 0 . 3 9 
C a u l i f l o w e r 
0 I J 2 2 14 4 0 . 2 9 . 7 — 
T 2 3 17 4 2 . 8 1 0 . 3 — 
5 0 U 2 2 15 3 7 . 2 7 . 5 1 2 5 
T 2 3 15 3 8 . 0 9 . 0 5 0 
5 0 0 U 18 14 3 3 . 9 7 . 0 7 7 0 
T 2 0 14 3 6 . 2 8 . 1 - 1 5 
5 0 0 0 U 12 1 0 2 8 . 2 7 . 0 6 S 9 0 
T 15 11 3 0 . 3 8 . 1 - 6 0 0 
C , D , {P = 0 . 0 5 ) 0 . 3 0 0 . 2 9 0 . 3 1 0 . 2 9 7 7 . 2 6 
C . D , (P = 0 . 0 1 ) 0 . 4 5 0 . 4 4 0 . 4 5 0 . 4 3 1 0 - . 9 0 
U = Untreated seed. T = Treated seed 
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Evaluation of Nematicidal Potential in Neem 
Allelochemicals* 
MANSOOR A. SIDDIQUI AND M. MASHKOOR ALAM 
Department of Botany. Aligaih Muslim University', Aiigarh 202 002, India 
ABSTRACT 
Considerable work has been carried out on nematode control with neem (Azadirachia indica) 
products such as oil cakes and leaf. However , such intormation is meagre with respect to the 
nematoiox icily of neem allelochemicals. Hence, the nematicidal potential of azadirachtin. nimbidic 
acid, nimbin. kacmpferol . and quercetm has been evaluated against Meloidogyne ir.cognita. 
Hoplolaimus mdicus. Helicoivlenchus indicus. Ronlenchulus reniformis. Tylenchorhynchus 
brdSiicae. and Tyienchus fdifornas. .Ml the al lelochemicals were found to be highly toxic to the 
test nema'odes. however , to varying degree. The monal i iy of the test nematodes increased vk'ith 
an increase in the concent ra t ion of the a l l e lochemica l s and the e x p o s u r e period. These 
allelochemicals also caused a significant inhibition in the hatching of .U incogniia This effect 
increased with an increase in the chemical concentration. The present t lndings may help under-
stand the mechanism of action of neem oil cake and leaf when lised as soil amend.'nent to control 
plan; parasitic nematodes. 
INTRODUCTION 
Margosa or neem {Aradirachta indica A. Juss.) is a tropical tree with several uses m 
crop protection. In India, it has been used since time immemorial as medicine for a 
large number of ailments. Much work has been carried out with respect to its insec-
ticidal and insect repellent properties. Although neem derivatives have shown great 
nematode control potential, there is a need for more research. Water-soluble fractions 
of different plant parts and products and root exudates of neem have been found to be 
to.xic to plant-parasitic nematodes (Khan et al., 1974; Alam et al., 1975, 1982; Siddiqui 
and .-Mam, 1985 a, b, 1989; Devakumar et al., 1985). The nematicidal property of neem 
This paper Ibrmed part of the Ph.D. thesis of the senior author. 
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may be due to toxic chemicals in it (Khan et al., 1974). The present study was 
undertaken to investigate the nematotoxicity of some triteipenoids and tlavenoids oc-
curring in neem. 
MATERIAI.S AND METHODS 
Some commonly occurrmg triterpenoids (azadirachtin, nimbidic acid, and nimbin) and 
tlavenoids (kaempferol and quercetin) from neem were selected for the present study. 
One hundred milligrams of each chemical was dissolved in 1 ml of 90 per cent alcohol. 
The solution was further diluted to 1.00, 0.01, and 0.01 per cent concentrations with 
distilled water. In control sets, the same concentrations of the solvent were used in 
addition to the main control of distilled water alone. 
For the mortality experiment, separate suspensions of treshly hatched second stage 
juveniles of the root knot nematode, Meloidogyne incognita (Kofoid & White, 1919) 
Chitwood 1949, and freshly isolated specimens of the lance nematode Hoplolaimus 
indiats Sher 1963, the spiral nematode Helicon-lenchus indicus Siddiqi 1963, the stunt 
nematode Tylenchorhynchus brassicae Siddiqi 1961, and the filiform nematode Tylenchus 
filiformis Butschli 1873 were transferred separately to petri dishes (40 mm diameter) 
containing 10 ml of the various dilutions of the neem chemicals following the proce-
dure described by Alam (1985). There were three replicates of each treatment. 
For the hatching experiment, five average-sized and fresh egg masses of M. incog-
nita were transferred to 40 mm diameter petri dishes containing 10 ml neem chemicals 
of different concentrations. Each treatment was replicated three times. Total hatched 
juveniles were counted after five days. Per cent inhibition in larval hatching over 
control was calculated. 
RESULTS 
Different chemicals of neem were highly toxic to the test nematodes. The mortality of 
the test nematodes increased with increase in concentration and exposure period. In the 
solvent, 0.01 per cent concentration was least effective in all cases, as no nematode was 
killed, even after 48 hrs exposure, and in 1 per cent concentration monality of the test 
nematodes ranged from 26 to 20 per cent after 48 hrs of exposure. 
All juveniles of M. incognita were killed in 0.10 percent azadirachtin and nimbidic 
acid and 1 per cent nimbin after 48 hrs exposure. The same level of monality (100 per 
cent) was achieved in 1 per cent nimbidic acid and quercetin after 24 hrs of exposure. 
Tl-.e lowest concentration (0.01 per cent) of all the chemicals except nimbidic acid 
caused 50 per cent or more nematode kill after 24 hrs. exposure. The same concentra-
tion of nimbidic acid caused a similar mortality after 48 hrs (Table 1). 
All R. reniformis were killed in 0.10 per centt azadirachtin and nimbidic acid after 
48 hrs in 1 per cent azadirachtin, nimbidic acid, and nimbin after 24 hrs, and kaempferol 
and quercetin after 48 hrs. Fifty per cent mortality was observed in the lowest concen-
tration (0.01 per cent) of azadirachtin, kaempferol. and quercetin after 12 hrs and 
nimbidic acid and nimbin after 24 hrs exposure (Table 2). 
All T. brassicae were killed in 0.01 per cent azadirachtin, nimbidic acid, and 
nimbin and I per cent concentration of kaempferol and quercetin after 48 hrs. The 
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lowest concentration (0.01 per cent) of kaempferol and quercetin caused 50 per cent 
mortality after 24 hrs, and of the remaining chemicals after 48 hrs exposure (Table 3). 
All Hoplolaimus indicus were killed in 0.01 per cent concentration of azadirachtin. 
nimbidic acid, and nimbin and 1 per cent kaempferol and quercetin after 48 hrs 
exposure. In nimbidic acid and nimbin this level of mortality was also achieved with 
1 per cent concentration in 50 per cent nematode killing after 48 hrs of exposure m 
nimbidic acid and quercetin, and after 24 hrs in the remaining chemicals (Table 4) 
All Hclkotylenchus indicus were killed in 0.01 per cent azadirachtin and nimbidic 
acid and 1 per cent kaempferol and quercetin after 48 hrs exposure This mortality level 
was achieved in 1 per cent azadirachtin, nimbidic acid, and nimbin after only 24 hrs 
exposure (Table 5). 
All T. filiformis were killed in 1 per cent concentration of all the test chemicals 
after 48 hrs exposure. After the same period in 0.10 per cent concentration the nema-
tode kill was greatest in nimbidic acid where 96 per cent nematodes were killed and 
minimum (85 per cent) in quercetin. The lowest concentration (0.01 per cent) caused 
50 per cent mortality in kaempferol and quercetin ater 24 hrs and in the remaining 
chemicals after 48 hrs of exposure (Table 6). 
The neem chemicals also caused a significant inhibition in the hatching of eggs of 
M. incognita. There was decrease in hatching with an increase in the concentration of 
the chemicals. The average number of juveniles hatched in 1, 0.10, and 0.01 per cent 
concentrations of azadirachtin was 12, 30 and 36 respectively. The corresponding 
figures for different dilutions of nimbidic acid were 18, 45, and 100; for nimbin 19. 
35, and 90; for kaempferol 14, 40, and 70; for quercetin 15, 30 and 88; and for the 
solvent 260, 300, and 350 respectively. In distilled water control, 380 juveniles were 
hatched. 
DISCUSSION 
The results clearly show that all the neem chemicals were toxic to all the test nema-
todes. The toxicity of the extracts of different plant parts of margosa to plant-parasitic 
nematodes has already been reported (Siddiqui and Alam, 1985 a. b). The root exudates 
of margosa seedlings also brought about considerable mortality to the nematodes (Alam 
et al., 1975; Siddiqui and Alam, 1989). Many active principles like nimbidine and 
thionimone from margosa have been reported to be highly nematicidal and nematostatic 
(Khan et al., 1974). Limonoids belonging to the p ftiranotriterpenoids have also been 
found to be nematotoxic (Devakumar et al., 1985). The results of the present study are 
in general agreement with those of others as discussed above. Neem is known to contam 
over 34 bitter principles (Rao and Parmar, 1984). The nematicidal nature of any of them 
is, however, still to be investigated. The present finding may help us to understand the 
mechanism of action of neem oil cake and leaf when used as soil amendment to control 
plant-parasitic nematodes. 
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Neem Allelopathy and the Root 
Knot Nematode 
Organic Jarmers need to Jmd 
ways to control nematodes without 
using chemical nematicides. Crop 
rotations, cover crops, organic soil 
aniendments and other methods 
have been successful Neem extracts 
contain active allelochemicals that 
can give highly satisfactory nema-
tode control and would be accept-
able in organic farming schemes. 
The authors of this article have 
found that soil amendments of 
neem, Azadirachla irjiica, or Persian 
lilac. Melia azedarach, control pest 
nematodes. Neem seeds were the 
most effective, and these also houe 
the greatest concentration of allelo-
chemicals. The authors conclude 
that the allelochemicals are 
destroyed very slowly as the plant 
material decomposes, and that much 
of the nematicidal ocHuify is due to 
the allelochemicals. 
By MansoorA. Siddiqui and M. 
Mashkoor Alam 
Some plcints actively produce 
allelopathic compounds that kill 
pest nematodes, while others are 
simply non hosts. Allelopathy is 
defined as "any direct or Indirect 
harmful or beneficial effect by one 
plant (including microorganisms) on 
another through chemical com-
pounds that escape Into the envi-
ronment" (Rice 1984). Naturally 
occurring allelochemicals have a 
number of advantages over chemi-
Ccil nematicides. Including generally 
lower toxicity (Rodriguez-Kabana 
1992). Proof of allelopathy Includes 
e\'idence that the chemicaJ is pro-
duced by the plant, that It Is trans-
ported to the target organism, and 
that the target organism Is exposed 
long enough for an effect to be reg-
istered (Halbrendt 1996). Because 
proof is difficult, most of the e\T-
dence of allelopatiiy is based on cir-
cumstanUaJ exadence (Alain et at. 
1990). Usually, allelochemical pro-
duction by the plant is confirmed, 
then indirect proof of allelopathy Is 
established by a reduction of the 
pest population near the plant. 
The neem tree, Azadirachta indv 
CO, is kno\vn to possess a pool of 
biologically active allelochemicals 
which have been proved to give 
highly satisfactory' nematode con-
trol under many situations (Abid 
and Maqbool 1991; Siddiqui and 
Alam 1988). Tlie allelochemicals in 
neem are azadirachtin, kaempferol, 
nimbin, nlmbidin, quercetin, and 
others (Alam et al. 1990). 
Previous experiments have 
shown that when neem trees are 
transplanted into nematode infested 
soils, the nematode population is 
reduced. Experiments have also 
shown that neem root exudates are 
toxic to nematodes, and that root 
dips of plants in neem extracts v.-iU 
help suppress nematodes (Alam et 
al. 1990). These ex-periments led to 
us to test the nematicidal effects of 
neem as a soil amendment. We 
wanted to determine whether the 
allelochemicals present In unde-
composed neem remain effective in 
the decomposed material, and 
whether the decomposed material 
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The root-kxiot nematode , Meloidogyne incognita, has c a u s c d severe 
gall ing on the roots of this okra plant. 
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Treat-











Clay pots (15 
cm diameter) 
filled with I kg 
autoclaved soil 
were treated 
with 100 g (10% 
by weight) of dif-
ferent plant 
parts of neem, 
Azadirachta indi-
ca, and Persian 
lilac, Melia 
azedarach, 
which is a relat-
ed species in the 
Meliaceae family. 
[M. azedarach Is 
also called chin-
abeny. See IPMP 




parts and decomposed Qowers, 
fruits, leaves and bark of neem and 
Persian lilac. Untreated pots served 
as control. The pots were watered 
Immediately after the treatmenL 
There were three replicates for each 
uc-iCirieni Including the control. 
Three-week-old seedlings of tomato, 
Lycopersicon lycoperstcum. cv. "Pusa 
Ruby' were then transplanted and 
Inoculated with 5000 freshly 
hatched second stage Juveniles of 
the root knot nematode. 
Meloidogyne incognita. After three 
months the plants were uprooted, 
washed and the plant growth was 
determined. The root-lmot index, 
based on visual observation, was 
rated on 0-4 scale. The largest 
number represented the largest 
amount of galling. 
Results 
Root-knot development on toma-
to was significantly inhibited In 
plants grown in soU amended with 
different parts of neem and Persian 
lilac, highest being In those amend-
ed with neem fruits (seeds) followed 
by leaves, bark and fresh floral 
parts. The root-knot Indices in the 
roots of untreated plants and those 
treated with fresh iloral parts and 
decomposed fruits (seeds), leaves 
Table 1. Effect of neem organic soil amendments on tomato plant growth and 
root knot development due to Meloidogyne incognita. 























Seeds# 39.80 19.40 59.20 28.90 17.50 46.40 0.40 
Leaves# 30.60 18.60 49.20 26.40 14.10 40.50 . 1.10 
Bark# 29.30 17.90 47.20 23.10 11.40 34.50 1.20 
CD 
{P=0.05) 3.92 8.53 0.71 
CD 
(P=0.01) 5.70 12.41 1.04 
*These pots were inoculated with nematodes. 
**The larger the index, the greater the nematode count. 
# Decomposed material. 
Each value is an average of three replicates. Initial inoculum level was 5 0 0 0 larvae per 
plant. 
and bark of neem were 4.00, 2.70, 
0.40, 1.10 and 1.20 respecUvely. 
The corresponding average figures 
for plant weight were 18.20, 33.60, 
46.40, 40.50 and 34.50 g In Inocu-
lated sets and 39.30. 45.20, 59.20, 
49.20 and 47.20 g in unlnoculated 
sets (see Table 1). 
The root-knot Indices In the roots 
of untreated plants and those treat-
ed with fresh floral parts and 
decomposed fruits, leaves and bark 
of Persian Ulac were 4.00. 2.90, 
0.50, 1.30 and 1.80 respecUvely. 
The corresponding figures for plant 
weight were 18.20. 34.80, 45.60. 
41.50 and 42.70 g In Inoculated 
sets and 39.30. 32.30. 51.20. 40.00 
and 40.50 g In unlnoculated sets 
(see Table 2). 
Increase In Growth 
There was a statistically signifi-
cant Increase in plant growth In 
nematode Infested pots due to these 
treatments. Decomposed material 
was more effective than fresh floral 
parts In reducing nematodes and 
Increasing plant growth. Neem and 
Persian lUac produced effects of 
similar magnitude, b u t greatest 
effects were seen with decomposed 
neem seeds. 
Decomposed neem and Persian 
Ulac fruits (seeds) also stimulated 
tomato plant growth even in the 
pots that had not been inoculated 
with nematodes. However. Persian 
Ulac seeds were less effective (see 
Tables I. 2). 
Disctission 
When the fresh floral parts and 
decomposed fruits (seeds), leaves 
and bark of neem and Persian lilac 
were Incorporated Into the soil, all 
these treatments significantly 
reduced the root knot nematode 
development and correlated with an 
increase In tomato plant growth 
(Tables 1.2). Highest reduction in 
root-knot development was found in 
the sol] amended with decomposed 
fruits (seeds), followed by leaves, 
bark and fresh floral parts. The 
observed order of effectiveness may 
be due to the fact that seeds have 
the Icirgest concentration of oil and 
allelochemlcals. 
There are numerous reports of 
allelochemlcals In decomposing 
residues of plants. These com-
pounds are usually assumed to be 
secondary metabolites which serve 
as chemical defenses against the 
diseases and pests (Blum 19S6. 
and Halbrendt 1996). Plant extracts 
from various parts of neem and 
Persian lilac are toxic to plant para-
sitic nematodes (Slddiqui and Aiam 
II'M l^ ,u ncloii<-r. XXIlK-ll April 2001 10 Box 74 M. licrkflcy. C.«-
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1985ab;1987:1988). The efficacy of 
neem and Persian lilac leaves for 
the nematode control has also been 
reported earlier (Abid and Maqbool 
1991; Ahmad et oL 1993: Alam et 
al. 1990). These obsei^'aUons are 
consisteni. with the theory that 
decomposing neem releases nemati-
cidal allelochemicals. 
There have been many attempts 
to utilize allelopathy bj' addition of 
soil amendments to crop soil. Soil 
incorporated green manures or 
decomposing soil amendments can 
release allelochemicals (McSorely 
1999). However, nematicldal action 
due to incorporation of organic mat-
ter into soil is a complex phenome-
non. Sometimes organic matter 
stimulates microbial populations 
that then interfere with nematodes. 
Thus, sawdust or aqueous sawdust 
extract will reduce nematodes, even 
though no one has identified any 
nematicldal allelochemicals in saw-
dust (Amad et al. 1993). Prior 
experiments and the magnitude of 
the effect seen with neem seeds in 
our experiment, however, seems to 
substantiate allelochemical action. 
On the other hand, growth pro-
motion due to neem and Persian 
lilac seeds in pots that were not 
inoculated with nematodes is prob-




activity by the 
organic amend-
ment. A specific 
growth promo-






not be proven 








seeds, and since 
seeds contain 
the highest con-
centration of allelochemicals. the 
nematicidal activity of decomposing 
neem Is probably due to specific 
effects of allelochemicals released in 
during the course of decomposition. 
The allelochemicals are not quickly 
destroyed by microbial activity, 
since they were still effective at the 
end of our 3-month experiment. 
AUelopathlc nematode control 
using neem as a green manure 
appears to be practical where seeds 
and other parts of the plant are 
readily available. Organic farmers 
and others in the U.S. involved with 
garderung or horticulture may find 
that root dips In commercially avail-
able neem extracts may be a more 
practical way of using tlie plant. 
The authors are professors at the 
Dept of Botany, AVgaih MusUm 
University. AligaTh-202002, India. 
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Table 2 . E f f ec t of Persian li lac soi l a m e n d m e n t s on tomato plant growth and 
root knot deve lopment due to Meloldogyne incognita. 
Treat- S h o o t R o o t T o t a l S h o o t * Root* Total* Inde; 
m e n t s grams grams grams grams grams grams 
Control 24.20 15.10 39.30 10.10 8.10 18.20 4.00 
Floral 19.10 13.20 32.30 23.40 11.40 34.80 2.90 
Parts 
(Fresh) 
Seeds# 34.20 17.00 51.20 28.60 17.00 45.60 0.50 
Leaves# 22.00 18.00 40.00 25.50 16.00 41.50 1.30 
Bark# 25.50 15.00 40.50 28.90 13.80 42.70 1.80 
CD 
(P=0.05) 5.37 6.46 0.44 
CD 
(P=0.01) 7.82 9.39 0.64 
*Inoculated with nematodes 
**The larger the index, the larger the nematode count. 
#Decomposed material. 
Each value is an average of three replicates. Intial inoculum level of Meloidogyne 
incognita was 5000 larvae per plant. 
IPM l^arli\u)iirr. .\XllH.;i .^ p i^'• 2001 Box 74 1 <1. Bcrkclo-. CA 94707 
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l i V A L U A T I O N O F N E M A T I C I D A L 
PROPERTIES OF AZADIRACHTA INDICA, 
TAGETES PATULA, FICUS RACEMOSA 
A N D NERIUM INDICUM A G A I N S T 
MELOIDOGYNE INCOGNITA ATTACKING 
TOMATO 
A K I L A. K H A N a n d M A N S O O R A. S I D D I Q U I 
Plan! Nematoloj^y Lab., Department of Botany, 
Aiif>ai-h Muslim University, Alif;arh-202 002 (U.P.). 
ruiiiulo (l.vcopersicon esculantum L.) is grown almost 
all over India as one o f t h e principal vegetable. It is cultivated 
as an annual crop for its edible fruits. Meloidogyne incognita 
IS Ihc rooi-knoi nematode which causes much damage to 
tins miponani crop. Rcddy (1985) reported 39.7% crop loss 
due 10 M incognita. Plants infected with rod -kno t nematode 
arc generally poor in growth with typical symptoms of root-
ga l l ing . O r g a n i c a m e n d m e n t s a re k n o w n to s u p p r e s s 
nematode populat ion and improve crop tolerance (Southey, 
1978). Organic amendments also increase water ho ld ing 
capacity of soil, supply nutrients and help in the bui ld up 
of antagonis t ic organisms. In the present study an at tempt 
has been made to determine the effect of soil amendmen t 
bv leaves of four plants, Azadirachta indica, Tagetes patula, 
I'icus raceniosa and Nerium indicum, for their nematicidal 
propenies . 
Clay pots filled with 1 kg autoclaved soil were treated 
with ! 0 0 g c h o p p e d leaves of <4. indica, T. patula, F. 
raccmosa or A', indicum separately. They were watered after 
the t reatment and left for one month for decomposi t ion . 
I intreated pots served as control. There were five replicates 
lor each treatment. Three weeks old seedlings of t oma to cv. 
' P u s a R u b y ' w e r e t r a n s p l a n t e d . O n e w e e k a f t e r 
transplantation, plants were moculat td wiili 1000 freshly 
hatched second stage juveniles of root-knot nematode . 
After two months, the plants were uprooted, washed 
and the plant growth, i.e. length and weight of shoot and 
root were de t e rmined . T h e roo t -kno t indc.\ on visual 
observation was rated on 0-4 scale, as fol lows : 0 = no 
galling. I = light galling, 2= moderate galling, 3 = heavy 
gall ing and 4 = severe galling. 
The root-knot development on tomato wa.s inhibited 
in plants grown in soil amended with leaves of different 
plants, highest being in those amended with the leaves o f / I 
indica. followed by the leaves of T. patula. F. racemosa 
and S. indicum. There was also increase in plant growlh 
due to these treatments (Table I). 
Increase in plant grow th of tomato ma\ be partly due 
to the reduction in root-knot development and due to the 
a d d i t i v e s t ha t s e r v e d as m a n u r e s . f o x i c i t \ o f t he 
d e c o m p o s i n g p roduc t or an increase in p r e d a c i o u s or 
parasitic activity of the soil biota (Linford et al.. 1938), 
changes in physical or chemical properties of soil caused 
by organic soil amendments may be the other reasons for 
i n c r e a s e d t o m a t o g r o w t h a n d r e d u c e d r o o t - k n o t 
development . 
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Tab le 1. Effect of soil amendments with leaves of plants on the root-knot development and plant growth of tomato. 
I rcainiL-nl with 
leaves of 
Tomato plant Length (cm ) Tomato plant Weight (gm) 
Uninoculaied Inoculated Uninoculated Inoculated 
Azadirachta indtca 57.00 32.30 89.30 41.20 24 20 65.40 
Tagetes patula 53 .00 27.40 80 40 37,00 23 .00 60.00 
Fkus racemosa 42 40 31.10 73.50 33,00 21,10 54.10 
i\enum indicum 39,10 30,00 69,10 29,20 18,40 47.60 
C o ^ o l 29.20 07.70 36.90 22.40 08,90 31.30 
C n ( P - 0 05) 











Shoot Root Total Shoot Root Total Shoot Root Total Shoot Root Total 
42.30 22,50 64.80 36,70 17,10 53 80 0,20 
41.10 18 00 59.10 34.00 14.00 48 00 0.40 
38,70 15,80 54.50 33.00 10.50 43,50 0.90 
35.50 14 30 49.80 30.60 08.10 38.70 1,00 
21 10 10.30 31.40 18.00 07.80 25.80 4.00 
0.47 
0.65 
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ABSTRACT 
Neem cake @ 400g plot' was found most effective in reducing the population of plant parasitic nematodes, 
enhai\cing plant growth and yield of okra and followed by same dose of neem gold and neem leaves. Neem leaves @ 
lOOg plot ' was found least effective. 
Key words: Management, plant parasitic nematodes, ploughing, neem, okra. 
Okra (Ahelmoschus esculentus L. Moench , f a m i l y -
Malvaceae) is an important vegetable crop in India. Plant 
parasitic n e m a t o d e s be long ing to 15 genera have b e e n 
reported o n okra , w h i c h adverse ly af fect growth and 
production of okra in India (Bhosle et al., 2004). Crude n e e m 
products and commercial neem based formulations reduce 
the population of plant parasitic nematodes as soil treatment, 
seed treatment and root-dip treatment (Majumder and Pankaj, 
2002). Number of organic additives of plant origin including 
oil-seed cakes, plant parts etc. have been used as nen^atode 
control agents (Akhtar & Alam, 1993; Costa et al., 2002). 
Present investigation w a s conducted under field conditions 
to access the potentiality of crude neem leaves and two neem 
produc t s i.e., n e e m g o l d and n e e m cake , against the 
population of plant parasitic nematodes and overall growth 
of okra cv. Anamika. 
MATERIALS A N D M E T H O D S 
A field naturally ii ifested with different plant parasitic 
nematodes viz. Hoplolaiinuf iuiiicus, Hclicptylciiduis iiuliciis, 
Tyknchusfilifonnis, Tyleiicliorhycliuf brassicac, Rotylciichulus 
reniformis and Mcloidogyne incognita, was selected at the 
Agriculture Department, A.M.U., Aligarh. The field w a s 
divided into two parts. One part received normal ploughing 
(25 cm deep) and tlie other part deep ploughing (50 cm deep). 
In both parts, plots were prepared witli s ize of 2 x 2m^and a 
buffer zone of one meter was left between the hvo plots. Fresh 
neem leaves and t w o n e e m products viz. , neem cake and 
neem go ld (A neem product of Khadkeshwar Oil Mill Ltd., 
A u r a n g a b a d - 1 , M a h a r a s h t r a , India) w e r e a p p l i e d as 
treatments in three d o s e s i.e. 100,200 and 400g plot ' before 
12 days, which w a s fo l l owed by immediate watering. Af ter 
the decompos i t ion of the organic ati \endments, okra s e e d s 
var. Anamika, w e r e s o w n @ 70 seeds plot"' at a spacing of 
30cm X 20cm. N e m a t o d e populat ion were observed in each 
treatment prior to s o w i n g a n d after the termination of the 
experiment by using Cobb's s ieving and decanting metliod 
fol lowed by m o d i f i e d Bearman's funnel technique. The 
nematodes w e r e c o u n t e d by c o u n t i n g d i s h under the 
microscope. Three plants se lected from each plot were 
uprooted, w a s h e d under running water and then plant 
growth parameters (plant lengtli, plant and fruit weight) were 
recorded. The data was statistically analyzed for Critical 
Difference (C.D. at p = 0.05 and p = 0.01). 
RESULTS A N D D I S C U S S I O N 
The results presented in Tables 1 & 2 clearly indicate 
that there was a significant reduction in the population of 
plant parasitic n e m a t o d e s by the appl icat ion of neem 
products. However, deep ploughing was more effective than 
the normal ploughing. The higher dose of neem cake (400g 
plot ') was most effective in reducing the population as the 
population w a s decreased from 1670 to 422 and 385 250g"' 
of soil ijT normal and d e e p p loughed field, respectively. It 
w a s f o l l o w e d by the s a m e d o s e of n e e m - g o l d , where 
population w a s reduced from 1670 to 582 and 546 250g ' 
plot"' of soil in nromal and deep ploughed field respectively. 
N e e m leaves @ lOOg plot'" were found to be least effective 
where the reduction in the total nematode population was 
recorded 985 and 937 250g"' of soil in plots witli normal and 
deep ploughing respectively. 
A similar trend wcis observed when the different plant 
growth parameters (root, shoot length and weight) were 
recorded with d e e p ploughiiig, s h o w i n g more effectiveness 
in improving tlie growth characters. N e e m cake @ 400g 
plot"' was found most effect ive in both cases (normal and 
deep ploughing). I t seems t l iatdue to reduction in nematode 
population, tliere is improvement of plant growth characters. 
The deep ploughing (50arr)-proved more effective than 
the ploughing. Jain and Bhatti, 1985 and Mathur gf al., 1991 
advocated that the depth of p loughing play an important 
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Table 1. Evaluation of different neem products for the management of plant parasitic nematodes with normal ploughing 
(Mean of 3 replicates) 





Hop Hel Tyl Trh Rot Mel Total 
Neem leaves 100 37.1 25.4 138 113 91 195 182 266 985 
200 48.3 36.9 130 102 82 173 158 252 897 
400 56.5 45.0 105 89 69 154 141 206 764 
Neem gold 100 40.9 31.5 122 92 84 167 131 174 770 
200 51.8 38.0 103 84 71 136 115 143 652 
400 60.2 49.7 79 69 61 121 112 140 582 
Neem cake 100 45.6 33.8 91 82 71 103 94 107 548 
200 58.5 44.7 87 65 61 96 91 105 505 
400 67.2 56.5 71 51 53 80 79 88 422 
Untreated 30.5 23.2 445 387 294 533 493 763 2915 
Control 
Initial 278 273 106 294 280 439 1670 
Population 
C.D. (p=0.05) 1.51 1.62 18.76 
CD. (p=0.01) Z03 216 25.09 
Hop = Hoplohiiims indiais; Hel 
Mel •= Meloidogyne incogmta. 
Hclicolyleiidms iiidicHS; Tyl = Tytciic/ms /iii/orim's; Trh = Tylciic/iorliyiiclius brnssicee; Rot = Rolyleiicliulus reni/oniiis; 
Table 2. Evaluation of different neem products for tlie management of plant parasitic nematodes with deep ploughing 
(Mean of 3 replicates) 








Nematode population 2S0g-i of soil 
Hop Hel Tyl Trh Rot Mel Total 
Neem leaves 100 38.0 26.2 130 107 85 191 174 250 937 
200 48.9 38.2 117 94 76 169 147 238 841 
400 57.7 46.3 100 78 63 150 136 201 728 
Neem gold 100 41.7 320 114 83 80 160 123 165 725 
200 52.8 39.1 96 80 63 130 107 134 610 
400 60.1 50.7 66 63 58 114 110 135 546 
Neem cake 100 46.4 34.8 85 77 69 99 90 102 522 
200 59.5 44.6 78 61 56 90 85 96 466 
400 67.3 56.7 61 46 46 76 74 82 385 
Untreated 31.1 23.8 436 376 284 552 481 752 2851 
Control 
Initial 278 273 106 294 280 439 1670 
Population 
11.14 CD. (p=0.05) 1.28 1.51 
CD. (p=0.01) 1.76 2.07 15.19 
Hop = Hoplotaimus indicus; Hcl 
Mcl = Mcloidogyne incognita. 
- Helicolylenchus indiais; Tyl = Tylcndtus filifonnis; Trh = TyUncliorliynclms brassiaie-, Rot = Rotylencliulus nnifonm; 
role in reducing the population of plant parasitic nematodes, 
as the nematodes are exposed to solar heat. Since, the deep 
ploughing disturbs the ecological set up of the nematodes 
and expose it to the external unfavourable conditions, their 
population declines (Khan and Saxena, 1980). In present 
study, the different neem ammendments were found effective 
194 
in reducing the population of nematode. The results obtained 
are in confirmation with the findings obtained by Randhawa 
et al, 2002 who reported tliat the incorporation of neem or its 
products in soil or as seed treatments brought about effective 
reduct ion in nematode populat ion a n d improve plant 
growth. The anti-nematode effect of neem-cake may be 
\oum(tl of Eco-friendiy Agriailture 2(2) 2007. 
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attributed to the nemato-toxic compounds, which are released 
during degradation (Alam el al., 1979; Ramakrishna cl al., 
1997; Bibha Laung and Bora, 2005). The nemato-toxicity 
might also be due to some chemicals present in the neem leaf 
and cake extracts. The different amendment methods like 
application of oil cakes, organic manures and mulching of 
green leaves have been reported to reduce the root-knot 
nematode and improve plant growth (Akhtar and Yadav, 
1990). The oil cakes also change the physical and chemical 
properties of the soil (Ahmed et al, 1972), which renders the 
soil atmosphere unfavourable for nematode activity and 
improves the soil condition for more root growth, thereby 
increasing the utilization of soil nutrients. 
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SUMMARY 
An in-viiro experiment on the effect of water extracts of different plant parts showed that there was a significant reduction in the 
larval hatching o( Meloidogyne jovan/cA juveniles and the water extract of neem fruits at various dilutions proved to be most 
effective and that of bakain/Persian lilac leaves at same concentrations were least effective. Significant reduction in the root-knot 
development and improvement in the plant growth characters'was obsewed when the same treatment of neem fruits was applied 
under glass house condition. 
Key words : Water extracts, Hatching.^ Meloidogyne javanica. Tomato, Management. 
In India, tomato {Lycopersicon esculentum L.) is severely affected by the root-knot nematode, 
Meloidogyne spp., having a yield loss up to 46% (Bhatti 
& Jain, 1977; Jain & Bhatti, 1978), 39.70% (Reddy, 
1985a,b) and 61% (Nirmala Devi & Tikoo, 1992). The 
root-knot nematode, Meloidogyne incognita and 
Meloidogyne javanica are the most predominant and 
widely prevalent species inflicting serious losses in tomato. 
The chemical means 6f nematode control such as soil 
fumigation, application of various nematicides and 
pesticides etc pose enormous threat to both soil fauna as 
well as human beings.. One of the promising alternatives 
is the use of plant parts/products to observe the possibility 
of their nematicidal/nematoslatic properties for the 
management of nematode problem. The present 
investigation was, therefore, undertaken to highlight the 
nematicidal properties of leaves and fruits (neem and 
bakain/Persian !:lac) and leaves and flowers (marigold) 
for managing the infection caused by root-knot nematode, 
Meloidogyne javanica on tomato cv. K-25. 
MATERIALS AND METHODS 
Water extracts of leaves and fruits (neem, 
Azadirachta indica A.Juss. and bakain/Persian lilac, 
Melia azedarach L.) and leaves and flowers (marigold, 
Tagetes patula Hort.) were prepared by grinding 50g of 
each in ISOml-distilled water in grinder. Extracts were 
filtered through four-ply muslin cloth and then passed 
through Whatmann filter paper No. 1. Filtered extracts 
were then centrifuged at 3,000 rpm for 5 minutes. The 
filtered extracts served as standard 'S ' . Other 
* Author for correspondence. 
concentrations viz., S/2, S/10 and S/lOO were prepared 
from'S' concentration with distilled water. Five average-
sized and freshly picked egg masses of Meloidogyne 
javanica were transferred to 40mm diameter Petridishes 
containing 10ml water extracts of different dilutions 
separately. Each treatment was replicated three times. 
The total number of hatched larvae was counted after 5 
days under stereoscopic microscope. Hatching in distilled 
water served as control. Per cent inhibition over control 
was calculated. 
Clay pots (15 cm diameter) filled with I kg autoclaved 
soil were treated with two doses 50g/pot and lOOg/pot of 
leaves and fruits of neem and bakain/Persian lilac and 
leaves and flowers of marigold separately, under glass house 
conditions. Each treatment was replicated three times 
including untreated inoculated and untreated uninoculated 
control. Three weeks old seedlings of tomato were then 
transplanted. The plants were inoculated with 2,000 freshly 
hatched second stage juveniles of root-knot nematode, 
Meloidogyne javanica. After the termination of the 
experiment the different plant growth parameters viz., plant 
length in cms and plant weight in gms (root &shoot) were 
recorded. The Root-Knot Index (R/I) was done on 0-5 
scale of Taylor and Sasser (1978). The data was statistical ly 
analyzed for Critical Difference at P=0.05 and P=0.01. 
RESULTS AND DISCUSSION 
The results presented in Table I indicated that the 
water extracts o f all the treatments adversely affected 
the juvenile hatching of Meloidogyne javanica. The 
highest inhibition in the larval'hatching was obtained in 
HIND AGRI-HORTICULTURAL SOCIETY 
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Table 1 : Effect of water extracts of plant parts of some test plants on the larval hatching of Meloidogyne javanica 
juveniles in-vitro. 
Treatment Number of larvae hatched in different concentrations 
S S/2 S/10 S/100 DW 
Neem leaves 20 30 40 55 600 
(96.7) (95.0) (93.3) (90.8) 
Neem fruits 10 17 26 48 600 
(98.3) (97.2) (95.7) (92.0) 
Bakain leaves 30 38 50 68 600 
(95.0) (93.7) (91.7) (88.7) 
Bakain fruits 14 26 34 50 600 
(97.7) (95.7) (94.3) (91.7) 
Marigold leaves 24 32 44 60 600 
(96.0) (94.7) (92.7) (90.0) 
Marigold flowers 12 22 31 58 600 
(98.0) (96.3) (94.8) (91.0) 
Each value is an average of three replicates. 
Distilled Water 9Control) 
Values in the parenthesis arethe percent inhibition in larval hatching over distilled water control. 
'S' concentration of neem fruits followed by the same 
concentration of marigold flowers and bakain/Persian lilac 
fruits where the per cent inhibition over distilled water 
control were 98.3, 98.0 and 97.7%, respectively. With 
the increase in the concentration of water extracts, the 
cumulative hatching increased but it was less than control. 
In case of neem fruits the average number Of larvae 
hatched was 10,17, 26 and 48 in S, S/2, S/IO and S/100 
concentrations, respectively, whereas in distilled water 
control 600 larvae were hatched. The percentage 
inhibition of hatching was 98.3,97.2,95.7 and 92.0 in S, 
S/2, S/10 and S/100 concentrations, respectively. Bakain/ 
Persian lilac leaves were least effective where percent 
inhibition in larval hatching was 95.0,93.7,91.7 and 88.7 
in S, S/2, S/IO and S/100 concentrations, respectively. 
The root-knot infection caused by Meloidogyne 
javanica juveniles around the roots of tomato was 
reduced in all the treatments. The root-knot "•indices of 
untr^ted inoculated plants and those treated with a lower 
dose (50g/pot) of neem fruits, neem leaves, marigold 
flowers, marigold leaves, bakain fruits and bakain leaves 
were 5.0,2.2,3.6,2.6,3.7,2.8 and 3.9, respectively (Table 
2). However significant reduction in the root-knot infection 
was observed when the inoculated plants were treated 
with a higher dose (lOOg/pot) of the above mentioned 
test plants, neem fruits showing the highest degree of 
Internal. J. Plant Sci. (2007) 2 (2) 
reduction (1.1) followed by marigold flowers (1.4) and 
bakain fruits (1.9), respectively. 
The plant growth characters were significantly 
improved with the application of these treatments where 
the highest plant length (60.40cm) and plant weight (45.3g) 
was observed in pc(ts treated with lOOg of neem- fruits 
followed by the same dose of marigold flowers (58.3 cm 
and 43.4, respectively) and bakain/Persian lilac fruits (56.4 
cm and 41.2g, respectively). The plants treated with 
different doses of leaves of neem, bakain and marigold 
also show promising improvement in th6 plant growth 
characters, the most effective being neem leaves followed 
by marigold leaves and the bakain leaves (Table 2). 
The results obtained were in comparison to those 
obtained by Rajendran and.Saritha (2005), who reported 
that various plant extracts and their potentized doses can 
be e f fect ive ly used against root-knot nematode, 
Meloidogyne incdgnita on tomato. The fact that the 
plant growth char^idters were improved maybe partially 
because of the rediiction in the root-knot infection and 
partially because of the fact that these organic additives 
also served as manures, Most o f the researchers have 
investigated leaves, roots and valuable constituents of the 
plants for the nematicidal activity (Siddiqui et al., 1978; 
Prakash and Rat), 1997; Mahammud et al., 2001; Das 
and Mishra, 2003). 
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Table 2 : Effect of leaves and fruits (Neem and Bakain/Persian lilac) and leaves and flowers (Marigold) on the 
root-knot development and plant growth characters of tomato cv. K-25. 
Treatment Dose/ 
pot 
Plant length (cm) Plant weight (g) Root-Knot 
Index (R/I) Root Shoot Total Root Shoot Total 
50 16.9 27.2 44.1 6.8 23.6 30.4 
Neem leaves (36.5) (30.3) (32.8) (54.4) (35.0) (40.6) 3.6 
100 21.7 32.6 54.3 10.0 29.5 39.5 
(18.4) (16.4) (17.2) (32.9) (18.7) (22.9) 2.9 
50 19.1 30.1 49.2 8.0 26.3 34.3 
Neem fruits (28.2) (22.8) (25.0) (46.3) (27.5) (33.0) 2.2 
100 24.5 35.9 60.4 12.8 32.5 - • 45.3 
(7.9) (7.9) (7.9) (14.1) (10.5) (11.5) 1.1 
50 15.2 25.3 40.5 6.1 21. 27.5 
Bakain (42.9) (35.1) (38.3) (59.1) (41.0) (46.3) 3.9 
leaves 100 19.6 31.2 50.8 8.8 27.5 36.3 
(26.3) (20.0) (22.6) (40.9) (24.2) (29.1) 3.4 
50 17.4 27.9 45.3 7.1 24.5 31.6 
Bakain fruits (34.6) (28.5) (30.9) (52.3) (32.5) (38.3) 2.8 
100 22.7 33.7 56.4 10.7 30.5 41.2 
(14.7) (13.6) (14.0) (28.2) (16.0) (19.5) 1.9 
50 15.9 26.5 42.4 6.4 22.9 29.3 
Marigold (40.2) (32.0) (35.4) (57.0) (36.9) (42.8) 3.7 
leaves 100 20.5 32.4 • 52.9 9.2 28.4 37.6 
(22.9) (16.9) (19.4) (38.3) (21.8) (26.6) 3.2 
50 18.2 29.2 47.4 7.6 25.7 33.3 
Marigold (31.6) (25.1) (38.4) (49.0) (29.2) (35.0) 2.6 
flowers 100 23.5 34.8 58.3 11.6 31.8 43.4 
(11.6) (10.8) (11.1) (22.1) (12.4) (15.2) 1.4 
Untreated 
Inoculated 12.0 19.6 31.6 4.1 17.1 21.2 5.0 
Control (54.9) (49.7) (51.8) (72.5) (52.9) (58.6) 
Untreated 
ninoculated 26.6 39.0 65.6 14.9 36.3 51.2 -
Control 
C.D. 1.62 1.87 0.12 
(P=0.05) 
C.D. 2.17 2.53 0.17 
(P=0.01) 
Each value is an average of three replicates. 
Values in the parenthesis are percent reduction over untreated uninoculated control. 
Initial Inoculum Level = 2.000 Jz/pot. 
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BIOEFFICACY OF SOME BOTANICAL EXTRACTS FOR THE 
MANAGEMENT OF ROOT-KNOT NEMATODE MELOIDOGYNE 
INCOGNITA IN LYCOPERSICON ESCULENTUM 
MOHMAD AZHAR RATHER, FAHEEM AHMAD and MANSOOR A. SIDDIQUI 
Section of Plant Path, and Plant Nemalo., Department of Botany, Aligarh Muslim University, Aligarh (U. P.) 
A B S T R A C T : The in vitro studies on the larval hatching of second stage juveniles from egg masses 
o{Meloidogyne incognita depicted the inhibitory effect of neem gold and other botanical extracts. 
Hatching was reduced to almost 97 % in undiluted concentration of neem gold used as a biofertilizer. 
The plant growtli increased along with significant reduction in the root-knot infestation when the 
seeds were soaked in different botanical extracts prior to sowing in the pots maintained under 
glass house conditions. 
Key words : Neem gold. Botanicals, Meloidogyne incognita. Tomato, Management. 
I N T R O D U C T I O N 
Tomato Lycopersicon esciilentum is one of the important vegetable crop grown all over the world for 
fresh consumption and for processing. In India tomato is grown over an area of 5x10' ha with an annual 
production of 84x 10' Ml (Khajuria et ai, 2003). Among the various factors responsible for the loss in annual 
yield of tomato, the root-knot nematode, Meloidogyne incognita has always been of much concern to the 
nematologists. The frequent application of chemical nematicide.s/insecticides for the control of soil borne plant 
pests, leads to the pollution of the ecosystem and thereby disturbing the ecological balance. Currently the 
research is being focused to develop alternate strategies to combat these insect pests. The potential use of the 
organic manures, amendments, plant extracts and bio fertilizers is gaining considerable attention in organic 
farming because of being safe, cheap and ecofriendly nature (Pandey, 2002; Nisha and Sheela, 2002; Saxena 
and Lalita, 2005). The present study was therefore aimed at the possible management of nematode infestation 
on tomato through various botanicals in vitro and under glass house conditions. 
M A T E R I A L A N D M E T H O L D S 
The aqueous extracts of castor {Ricinus communis), neem {Azadirachta indica), bakain {Melia 
azedarach) and marigold (Tagetes patula) were prepared by boiling lOOg of chopped leaves in 500ml of 
distilled water. The boiling was continued with constant stirring until approximately 100ml of liquid content was 
left behind. This mixture was filtered through muslin cloth and the solution left behind was labeled as 'S". 
Further concentration (S/10 and S/100) were obtained by dilutions. Five freshly picked uniform egg masses of 
Meloidogyne incognita were transferred to 5 ml solution of respective dilutions kept in small petriplates. These 
petriplates were kept in BOD incubator at 2 8 ± r C . Three replicates were maintained for each treatment including 
the sterile distilled water control. The observations on the larval hatching were recorded on 3"", 12'^  and 
15"- day of initiation of the experiment. 
. - 3 3 7 -
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Seeds of tomato (Lycopersicon esculentuin Mill. cv. K-25) were soaked for4hrs. in 0.5%, 1.0% and 1.5% 
concentration of the aqueous extracts of castor, neem, bakain, marigold and neem gold (A neem product of 
Khadkeshwar Oil Mills Ltd., Aurangabad-1, Maharashtra, India). Five healthy seeds were sown in earthen pots 
filled with IKg autoclaved soil. After proper germination, thinning was done to leave one plant in each pot. 
2,000 freshly hatched second stage juveniles of root-knot nematode, Meloidogyne inrngnita were inoculated 
per pot. After three months the experiment was terminated and the plant growth p'.Mnieters (including plant 
length and plant weight) and the root-galling index (On 0-5 scale of Taylor and Sas.ser. 1978) were taken. The 
data thus obtained was statistically evaluated for Critical Difference at P=0.05 and P=('' () I. 
RESULTS A N D D I S C U S S I O N 
The results from the in vitro studies revealed that the larval hatching wa*; reduced to least in the 
undiluted concentration of neem gold and other botanical products employed, .^.i undiluted and S/IO 
concentration of neem gold the hatching was inhibited by more than 90% and more than 80% at undiluted 
concentration of neem and bakain as compared to distilled water control (Table. 1). At S concentration, castor 
iind marigold inhibited !ar\'al hatching by 54% and 51 % respectively. The maximum larval hatching was observed 
at S/100 concentration of marigold and castor where the percent decrease in hatch count over control was 28% 
and 30% respectively. These results indicated that the aqueous extracts of all the botanicals and neem ba.sed 
commercial product, neem gold, were effective in reducing the larval hatching and exhibited the nematicidal 
efficacy. 
Table. 1 Effect of various e.xtracts of difTerent botanical products on the 
larval hatching of Meloidogyne incognita in vtro. 
Botanical extract Hatch count interval (Days) Percent decrease 
concentration 3"' 6"- i^h 12"- IS'" in hatcli count. 
Casior S 63.2 85.4 41.4 31.4 20,2 54,3 
S/10 98.8 129.4 53.5 36,5 24,2 35,3 
S/100 94.2 141.2 62.2 41.2 29,2 30,4 
Nccm S 18.2 18.5 22.4 9.6 7,6 85,6 
S/IO 75.8 98.9 33.6 40.5 28,2 47,6 
S/100 79.1 108.1 88,2 13.7 10,2 43,4 
Nccm Gold S 4.1 4 9 1,0 14 2,6 97,3 
S/10 44 4.7 6,3 5.0 4,6 95,5 
S/1(X) 19.6 19.8 24.1 15,6 11,4 82.9 
Bakain s 22.5 25.7 21,6 13,6 10,2 82,3 
S/IO 83.7 102.0 42.5 29,6 21,2 47.3 
s/100 92.5 111.1 87.6 20,6 16,3 37,9 
N4arigold s 67.1 88.9 45.1 33,2 22,2 51,5 
s/10 99.6 132.7 59.1 38,9 26,6 32,5 
s/100 96.2 142.8 63.2 43,2 30,4 28,9 
Conlrol 230.7 152.7 66.4 46,4 32,9 
F.ach vakic is an average of three replicates. 
The results obtained from the pot experiment conducted under glass house conditions showed that the 
plant growth increased as a result of the seed treatment. These results were in confirmation with those obtained 
by Das and Sinha (2005), who observed that the seed soaking with carbosulfan @0.2% was found to reduce 
Meloidogyne incognita population and increase growth parameters of Okra. The maximum plant growth (plant 
length and plant weight) was observed in pots where seeds were treated with 1.5% solution of neem gold 
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followed by same concentration of neem and castor (Table. 2). The least effect as compared to control in 
enhancing the plant growth was observed at 0.5% solution of marigold and castor. The root galling was 
significantly reduced in the treated pots. In control the root-knot nematode multiplied freely and multiple 
galling wa.s observed. Earlier some workers have also observed significant reduction in the number of galls of 
Meloidogyne incognita on crops where seeds were coated with aqueous extracts of different botanicals 
(Siddiqui and Alam, 1987: Kandhawaefn/., 2002). 
Table . 2 ElTect ot variou.s ev l rac l s of clitt'erent botanica ls on the p l an t g r o w t h a m i roo t -kno t in ies ta t ion in tomato . 
Botanica l E x t r a c t 
C o n c e n t r a t i o n 
Phiiil length (cm) 
Rix.t S h o o t T o t a l 
P l a n t weight (cm) 
R<m.I S h o o t To ta l 
Gal l inclcN 
IC./l) 
Castor OS"/ 10 6 26,7 ^7,3 8,5 23,9 32,4 3,5 
1,0% 1.19 32,.^ 46,2 12,2 30,6 42,8 3,1 
1,5% 38,5 57,4 14,3 35,5 49,8 2,0 
Nceni 0.5% 11.2 29,3 40,5 9,4 26,9 36,3 3,2 
1 0 % 16.7 36,S 53.5 14,1 33,7 47,8 2.6 
1,5% iy,5 39,0 58,5 14,7 36,2 50,9 17 
Neem Gold 0,5% 1 1,9 29,9 41,8 10,3 28,1 38,4 15 
1.0% 17.4 37,5 54,9 14,2 35,1 49,3 1,2 
1 5% : o , o 38,8 58,8 14,8 36,2 51,0 0 5 
Bakain 0,5% 10.7 28,6 39 3 9,1 25,5 34,6 3,3 
1.0% iO.j 35,8 52,1 13,9 32,9 46,8 2,9 
1.5%. 1 38 9 15,7 34,6 50,3 2,4 
Marij.iUI 0,5% U) ? 25,''> 35 3 8,0 22,2 30,2 3,6 
1.0% 31,4 44,8 1 1,1 30,1 41.2 3,3 
1.5% 15,1 35,3 50,4 14.9 33,7 48,6 2.2 
Control 7.0 17,6 24,6 5,4 14.2 19.6 4.7 
C.D. (P=:0.05) 3,70 4,19 0,98 
C.D. (P=0.01) 4,98 5,64 1,32 
Each value is an average of three replicates. 
Initial inoculum level=2,000 J/Pot. 
The root-knot infestation was observed to be least in neem gold treatment at 1.5% (Gl=0.5) and 1.0% 
(GI= 1.2) followed by neem treatment at 1.5% (GI= 1.7) and the root galling was maximum in marigold treatment at 
0.5% (GI=3.6) followed by castor treatment at 0.5% (GI=3.5) as compared to untreated control (GI=4.7) where the 
nematode multiplied at a much faster rate. 
Thus, it may be concluded that the seed soaking prior to sowing in the leaf extracts of these botanicals 
and neem gold in particular is beneficial for the plant growth and reducing the crop loss of tomato due to the 
nematode infestation. 
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The root-knot nematode , Meloidogyne incogniUx (Kofoid 
& White) C h i t w o o d , const i tute o n e of the mos t important 
p e s t s o f the e c o n o m i c crops . Late ly d u e to increased 
a w a r e n e s s w i t h r e s p e c t to h a r m f u l e f fec t s of chemica l 
pest ic ides , u s e of organic a m e n d m e n t s and plant products 
for n e m a t o d e m a n a g e m e n t is be ing advocated (Gommers, 
1981; N o g u e i r a et al, 1996). T h e objective of this s tudy a i ^ 
to k n o w the nemato - tox ic properties of leaf extracts of Fiats 
spp . viz . , Ficus bengalensis a n d Ficus virens for hatching and 
morta l i ty of s e c o n d s t a g e juven i l e s (J2) Meloidogyne 
incognita. 
Fresh l eaves (25g) of Fiais spp. viz. , Ficus bengalensis 
and Ficus virens (Family-Moraceae) were thoroughly washed, 
chopped , c o m m i n u t e d in a grinder and then soaked in 75 ml 
of dist i l led w a t e r for 24h. Fo l lowing thorough mixing, these 
centr i fugat ion, Alteration, extracts w e r e arbitrarily termed 
as standard solut ion (S). Later further di lut ions ( S / 2 , S / 1 0 , 
S / 1 0 0 a n d S / 1 0 0 0 ) w e r e p r e p a r e d f r o m this s tandard 
solution. 
For mortality exper iment , 500 ± 10 freshly hatched 
s e c o n d s tage j u v e n i l e s w e r e t rans ferred separate ly to 
petridishes (40mm diameter) conta in ing 10ml of different 
dilutions for both the test plants. Petr idishes containing 
distilled water s e r v e d a s control. T h r e e replicates for each 
treatment w e r e k e p t T h e n u m b e r of d e a d and surviving 
second stage juveni les 0 j ) w e r e c o u n t e d after 8 , 1 6 , 24, 32, 
40, 48, 56, 64 and 72h a n d m e a n per cent mortality was 
calculated. Death of the n e m a t o d e s w a s ascertained after 
transferring them to water for one hour. 
For hatching exper iment , 5 average s ized healthy and 
freshly picked e g g m a s s e s of Meloidogyne incognita were 
Table 1. Effect of d i f f erent di lut ions of leaf extracts of Fiais spp. on the mortality of Meloidogyne incognita 
Plant Exposure 
period 
( h r ) 
Per cent mortality of Meloidogyne incognita in different dilutions 






































5.55(27.16 ) 0.00(4.09 ) 0 (-18.97) Y 38.70+23.07 (X-2.5) 
9.09 (SO.^) 435(7.26) 0 (-15.93) Y •= 42.04+23.19 (X-2.5) 
13.63(32.70) 6.89(9.54) 0 (-13.62) Y = 44.28+23.16 (X-2.5) 
16.67(34.20) 9.09(11.22) 0 (-11.76) Y = 45.69+22.98 (X;-2.S) 
23.74(36.24) 1154(13.50) 0 (-9.24) Y = 47.61+22.74 (X-25) 
25.00(38.06) 14.89(15.56) 0 (-6.94) Y = 49.31+22.50 (X-2.5) 
29.62(39.72) 16.67(17.46) 0 (-4.80) Y - 50.85+22.26 (X-2.5) 
31.82(41.61) 18.52(19.37) 0 (-Z87) Y = 52.73+22.24 (X-2.S) 
































































Y = 35 33+22.16 p<-2.5) 
Y = 38.80+22.45 pC-2.5) 
Y = 41.46+22.74 (X-2.5) 
Y = 44.04+22.90 (X-2.5) 
Y = 45.81+22.73 (X-2.5) 
Y = 48.22+22.53 (X-2.5) 
Y = 50.29+22.42 (X-2.5) 
Y •= 52.01+22.24 (X-2.5) 
Y = 53.95+22.03 (X-2.5) 
• Each value is an average of three replicates. • Values calculated from regression equations are given in parenthesis, DW Distilled water. 
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transferred to 40mm diameter petridishes containing 10ml 
extract of different dilutions. Hatching in distilled water 
served as controL Each treatment was replicated thrice The 
total number of hatdied juveniles were counted after 5 days. 
Per cent inhibition in juvenile hatching over control was 
calculated. The data of hatching was analysed for critical 
difference (CD) at p=0.05 and p=0.01 (Panse & Sukhatme;, 
1978) and for mortality experiment regression equations 
were done. 
significantly in comparison to control (Table 2), with 
maximum inhibition in 'S* followed by S/2, S/10, S/100 
and S/1000 dilutions. Inhibition in juvenile hatching over 
control in S, S /2 , S/10, S/100 and S/1000 dilutions was 
100,98.6,91.9,76.0 and 37.9 per cent respectively in aqueous 
leaf extract of Fiats bengalensis and 100,98.4,91.3,75.4 and 
37.2 p « cent respectively in aqueous leaf extract of Ficus 
virens. The results clearly indicates that Ficus bengalensis 
slighdy edge over Ficus virens. The leaf extracts of some other 
plant species show inhibitory effect to the root-knot 
Table 2. Effect of different dilutions of leaf extracts of Ficus spp. on fee juvenile hatching of Meloidogyne incognita 
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•Each value is an average of three replicates,' DW - Distilled Water (Coctrol),' Values for per cei^ t irivibitiotv in juvetvile hatching over coivtrol are 
given in parenthesis. 
The results presented in Table 1 indicate that leaf 
extracts of both the plant spedes were effective in controlling 
second stage juveniles 0j) of Meloidogyne incognita. The 
juvenile mortality increased with increase in dilution of 
aqueous leaf extracts of both test plants and exposure period. 
Cent per cent mortality was observed within 8h in 'S' 
dilution of both test plants. In S / 2 dilution, cent per cent 
mortality was observed after 24h in Ficus bengalensis and 
after 32h in Ficus virens. Least mortality was noticed in S / 
1000 dilution. All the second stage juveniles (Jj) of 
Meloidogyne incognita in the control (DW) remained active 
during the period of observations. 
Similarly different dUution of aqueous extracts of the 
leaves of both test plants, inhibited hatching of eggs 
nematode, Meloidogyne incognita (Saxena & Lalita, 2005). 
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EFFECT OF MARGOSA IN COMBINATION WITH CHEMICALS 
AGAINST MELOIDOGYNE INCOGNITA ATTACKING 
EGGPLANT 
MANSOOR A. SIDDIQUI* 
Department of Botany, Aligarh Muslim University, Aligarh-202002, India 
Necni (Azadirachta indica A. Juss.) Family - Mcliaceac has been 
regarded as miracle tree world over in recent times. It is regarded as a 
source of effective natural nematode control agents which are 
environmentally safe and non-toxic. In the present investigations, bare-root 
dip treatments in neem leaf and oil seed cake extracts combined with two 
chemicals viz., carbofuran and phorate were found highly deleterious to the 
root-knot nematode, Meloidogyne incognita (Kofoid & White) Chitwood. 
These treatments decreased the penetration of the second stage juveniles of 
the root-knot nematode inside the roots of eggplant {Solaniim melongena L.) 
cv. "Pusa Purple Long", Family - Solanaceae. As a consequence in the 
reduction of root-knot infection, significant improvement in plant growth 
takes place. Infection in the root-knot larvae was gradually decreased with 
an increase in dip duration. 
Key words : Eggplant, Meloidogyne incognita, neem, carbofliran, phorate, bare-
root dip, nematode managemen t , 
Seed plants actively reduced the nematode population by way of 
producing nematicidal compounds while others arc simply non-hosts. The 
prospects of exploiting naturally occurring allelochemicals for the management 
of plant parasitic nematodes has an advantage over the current use of toxic 
chemicals (Rodriguez-Kabana, 1992; Neher, 1999). Nccm is known to posses a 
pool of biologically active allelochemicals which have been proved to give 
highly satisfactory nematode management under many agroclimatic conditions. 
Most of the evidences of allelopathy have been provided a circumstantial 
evidence to be substantiated (Alam el at., 1990; Geetanjali and Nandal, 2001; 
Maheswari and Sundarababu, 2001). There have been many attempts to utilize 
E-mail: mansoor 57{£%cdirt"iiiail.com 
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this approach by green manuring (Muller and Gooch, 1982; Siddiqui and Alam, 
1999, 2001; Das and Deka, 2002; Mojumdar et ai, 2002; Singh and Dabur, 
2004; Nageswari and Mishra, 2005; Siddiqui, 2006). Organic soil amendments 
also induce plant resistance in due course (Van der Laan, 1956; Alam et ai, 
1977, 1980). ll was, Ihcrci'orc, dccidcd to lest the capacity of the aqueous 
extracts of leaf and oil-seed cake of margosa/neem (Azadirachta indica A. Juss., 
Family - Meliaceae) alone and in combination with two chemicals viz., Phorate 
and Carbofuran to induce plant resistance against the root-knot nematode for 
reducing the cost of application. 
MATERIALS AND METHODS 
Fresh leaves of margosa were thoroughly washed, chopped and 25g 
each macerated separately in a grinder along with 75 ml of distilled water for 24 
hours. The homogenates were then centrifuged, filtered and (he exlracl 
arbitrarily termed as standard "S ' . In case of oil-seed cakes of margosa, 25g of 
cake was taken into a beaker and was soaked in 75 ml distilled water for 24 
hours. These were then filtered with the help of Whatman filter paper and the 
extract termed as standard "S". In case of two chemicals viz., Carbofuran/ 
Furadan-3G (2,3-dihydro-2,2-dimethyl-7-benzo furanyl methyl carbamate) and 
Phorate/Foratox-1OG (0-0-dimethyi thiomethyl phosphorodithioate) the solution 
of 100 ppm (a.i) concentration vvas used in the experiment. Different 
combinations like extracts of neem leaf + Carbofuran, neem leaf + Phorate, 
extracts of oilcake of neem + Carbofliran, neem cake + Phorate were made in a 
50 : 50 ratio. 
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Roots of three-week-old seedlings of eggplant {Solanim melongena L-., 
Family - Solanceae) cv. ^'Pusa Purple Long" grown in sterilized pots were 
dipped in the above mentioned treatments of different combinations for 120 
minutes separately. Each treatment was replicated three times. After the dip 
treatments, the roots were thoroughly washed and seedlings were transferred 
singly to 15cm clay pots containing 1 kg sterilized soil manure mixture. Hach 
seedling was then inoculated with 1000 2'"" stage juveniles of the root-knot 
nematode, Meloidogym incognita (Kofoid & White) Chitwood separately. After 
3 months, the plants were carefully uprooted, washed and plant growth and root-
knot index on 0-5 scale of Taylor and Sasser (Sasser et al, 1984) were 
determined. Data was statistically analysed (Panse and Sukhatme. 1978). 
For studying the effect of larval penetration, roots were dipped in the 
above mentioned solutions for 30, 60 and 120 minutes. The roots were washed 
with distilled water. The seedlings were transplanled singly to 5 cm clay pols 
containing thoroughly washed river sand. The plants were immediately 
inoculated with 1000 freshly hatched 2"'' stage juveniles of M. incognita. The 
inoculated seedlings were removed after 72 hours. Root surface and the sand 
were washed and the remaining larvae of the nematode, which could not have 
penetrated were isolated by using Cobb 's sieving and decanting method 
(Southey, 1986) and their numbers were determined. After reduction of this 






Results presented in the Table 1 clearly show that root-dip in different 
treatments inhibited the larval penetration of the root-knot nematode caused by 
Meloidogyne incognita into the three week old seedlings of eggplant cv. "Pusa 
Purple Long". The larval penetration significantly decreased with an increase in 
the dip duration. Highest inhibition in the larval penetration in the roots of 
eggplant was observed when eggplant roots were dipped in the extracts of neem 
cake combined with Carbofuran. It was followed by neem cake + Phorate, neem 
leaf + Carbofuran, neem leaf + Phorate and neem leaf alone (Table 1). 
When the eggplant seedlings were inoculated with 1000 larvae after root 
dip in "S" concentration of neem leaf extract alone at 120, 60 and 30 minutes 
time interval, the number of larvae penetrated was 360, 520 and 620 respectively 
as against 870 in undipped-inoculated control. After 120, 60 and 30 minutes dip 
trealmenl the larval penetration in "S" concentration was 58.62%, AQ22% and 
28.70% respectively. When eggplant seedlings were inoculated with 1000 root-
knot larvae after root dip treatment in neem leaf extract combined with 
Carbofuran after 102, 60 and 30 minutes, the number of larvae penetrated was 
300, 370 and 470 respectively as against 870 in undipped-inoculated control. 
After 120, 60 and 30 minutes root-dip treatment, the percent inhibition in larval 
penetration was 65.51%, 54.47% and 45.97% respectively (Table 1). 
When the eggplant seedlings were inoculated with 1000 larvae after root 
dip treatment in neem leaf cxtract combined with Phorate for 102, 60 and 30 
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minutes, the number of larvae penetrated was 310, 380 and 500 respectively as 
against 870 in undipped-inoculated control. After 120, 60 and 30 minutes in 
root-dip treatment, the inhibition in larval penetration was 64.36%, 56.32% and 
42.52% respectively (Table 1). 
In (he root-dip treatment of iiecm cake extract alone for 120, 60 and 30 
minutes, the number of larvae penetrated was 370, 500 and 650 respectively as 
against 870 in undipped-inoculated control. The inhibition in lawal penetration 
after 120, 60 and 30 minutes root dip treatment was 57.47%, 42.52'/o and 
25.28% respectively (Table 1). 
When the eggplant seedlings were inoculated with 1000 larvae after root 
dip treatment in neem cake extract combined with Carboftiran the number of 
larvae penetrated was 350, 500 and 600 respectively as against 870 in undipped-
inoculated control. After 120, 60 and 30 minutes root-dip treatment, the 
inhibition in larval penetration was 59.77%, 42.52% and 31.03% respectively 
(Table 1), 
Wlien the eggplant seedlings were inoculated with 1000 larvae after root 
dip treatment in neem cake extract combined with Phorate the number of larvae 
penetrated was 370, 490 and 645 respectively as against 870 in undipped-
inoculated control. After 120, 60 and 30 minutes root-dip treatment, the 




Results presented in Table 2 clearly show that all the treatments brought 
about significant reduction in the root-knot development caused by Meloidogyne 
incognita. However, the root-dip treatment in the extract of neem leaf and oil 
seed cakes alone were found less effective than the other treatments. 
It was obsei-ved that in untreated inoculated pots, the root-knot 
development was observed 5.00. Highest reduction in the root-knot infection on 
eggplant was observed in pots where the seedlings were dipped in neem cake + 
Carbofuran (0.70) solution. It was followed by pots treated with neem cake + 
Phorate (0.80), neem leaf + Carbofuran (1.10), neem leaf + Phorate (1.20). The 
root-knot infection was 1.40 where the seedlings were dipped in neem cake 
extract alone. In neem leaf extract alone the root-knot infection was 1.60. The 
plant growth of eggplant increased as a consequence of reduction in root galling 
(Table 2). 
In the treated pots highest increase in plant weight (shoot and root) in 
terms of grams was observed in pots treated with neem cake integrated with 
Carbofuran (56.20g). It was followed by neem cake with Phorate (52.90g), neem 
leaf extract with Carboftiran (47.60g), neem leaf extract + Phorate (44.40 g), 
neem cake extract alone (39.40g) and neem leaf extract alone (35.00g) (Table 2). 
In untreated inoculated plants the plant weight was 19.10 g and in 
untreated uninoculated plants the plant weight was observed 54.60 g. 
DISCUSSION 
Prom the results, it is clear that the extract of neem leaf and oil cake 
induced some resistance in eggplant against the attack of the root-knot 
-3A8_ 
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nematode. The root-knot development is due to poor penetration. The aqueous 
extracts of neem leaf and oil cake rendered the roots of eggplant highly 
unfavourable to Meloidogyne incognita (Siddiqui and Alam, 1988). Some 
chemicals are either absorbed by the roots or there might have been some chain 
reaction which has been triggered due to some factor (clicitor/aclivator) present 
in the extract. Examples of the inhibition of Cascade mechanism leading to the 
resistance of cells against the invasion and development of pathogens are 
available in literature (Bell, 1981; Giebel, 1982; Tariq and Siddiqui, 2005). 
Similar properties can not be ruled out in the present investigation. 
Kast (1985) also supported that induced defence mechanisms may also 
have some practical relevance as they may be used in integrated or biological 
disease control strategies. The reduction in the root-knot development due to the 
root dip treatment could also be attributed to the unfavourable conditions 
causing poor penetration and later retardation in biological activities such as 
feeding and/or reproduction of the nematode as suggested by Bunt (1975). 
There are nuuierous reports of nematicidal chemicals in crude plant 
homogenates, leachates and decomposing residues. These compounds are 
usually assumed to be secondary metabolites which serve as chemical defences 
against disease and parasites (Halbrendt, 1996). 
On the basis of the above findings, it can be concluded that the aqueous 
extract of neem leaf and oil cake alone and/or in combination with the chemicals 
can be helpful in solving some of the nematode pest problems. 
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Table 1. Effect of bare-root dip treatment with neem products and two 
chemicals on the penetration of the root-knot larvae into the roots of 











Neem leaf extract alone 30 620 28.70 
60 520 40.22 
120 360 58.62 
Neem leaf extract + 30 470 45.97 
Carbofliran 60 370 57.47 
120 300 65.51 
Neem leaf extract + 30 500 42.52 
Phorate 60 380 56.32 
120 310 64.36 
Neem cake extract alone 30 650 25.28 
60 500 42.52 
120 370 57.47 
Neem cake extract + 30 600 31.03 
Carbofuran 60 500 42.52 
120 350 59.77 
Neem cake extract + 30 645 25.86 
Phorate 60 490 43.67 
120 370 57.47 
Undipped-Inoculated 870 -
C.D. (P=0.05) 
C.D. (P-0 .01) 
73.68 
97.95 
Each value is an average of three replicates 
Initial inoculum level oi' Meloidogyne incognita = 1000 larvae/plant 
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Table 2. Effect of bare-root dip treatment with neem products and two 
chemicals on the root-knot development and plant growth of eggplant 
cv. "Pusa Purple Long" in pots 
Root dip treatment 
Plant weight (g) Root-knot 
Index 
Shoot Root Total 
Neem leaf extract alone 25.10 9.90 35.00 1.60 
Neem leaf extract + 
Carbofuran 
34.20 12.70 46.90 1.10 
Neem leaf extract + 
Phorate 
33.00 11.40 44.40 1.20 
Nem cake extract alone 29.30 10.10 39.40 1.40 
Neem cake extract + 
Carbofuran 
41.20 15.00 56.20 0.70 
Neem cake extract + 
Phorate 
39.00 13.90 52.90 0.80 
Undipped-inoculated 11.00 8.10 19.10 5.00 







Each value is an average of three replicates. 
Initial inoculum level of Meloidogyne incognita = 1000 larvae/pot 
- 3 5 5 -
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TOXICITY OF LATEX BEARING PLANTS TO PHYTONEMATODE5 
AKHTAR HASEEB,* MANSOOR A. SIDDIQUI AND M. MASHKOOR ALAM 
Department of Botany, Aligarh Muslim University, Aligarh—202 001. 
Introduction 
A large number of plants and plant products have been reported to have nematicidaj 
properties (Singh and Sitaramaiah, 1970, Miller et al. 1973, Egunjobi and Afolami, 1976, 
Haseeb et al. 1978, 1981, 1982). In the present study the shoot extracts of some latex 
beariijg plants have been tested for their toxicity to plant parasitic nematodes. 
Materials and Methods 
For obtaining the extracts, top tender shoots with 1-5 leaves of the test plants viz., 
Carica papaya L. (Family-Caricaceae). Artocarpus heterophyllus Lam. (Fam.-Moraceae). Ficus 
cor/cfl L. (Fam.-Moraceae),/-/cu^ g/owerfl/a Roxb. (Fam.-Moraceae), Ipomoea fislutosa Mart 
(Fam.-Convolvulaceae) Seriiim odorum Soland (Fam.-Apocynaceae) and Tabernaemontana 
coronar/a Willd. (Fam.-Apocynaceae) were chopped and 25 gm mater ia ls 'were macerated 
separately in 75 ml distilled water. The extract was filtered and arbitrarily termed standard 
'S ' , and dilution viz., S/2, S/10 were prepared from the standard. 
Fo r mortality experiments, 5 ml suspension of nematodes containing about 500 
specimens of the lance nematode, Hoplolaimus indicus Sher, the reniform nematode, 
Rotylenchulus reniformis Linford and Oliveira, the stuut nematode, Tylenchorhynchus brassicae 
Siddiqi and the root-knot nematode, Meloidogyne incognita (Kofoid and White) Chitwood 
were transferred separately into 40 mm petridishes containing 5 ml of different concentrations 
of extracts following the method of Alam et al. (1973). Controls were run for all experiments. 
Each treatment was replicated thrice. The number of immobilized nematodes was counted 
after 12, 24, 36, 48, 60 and 72 hours and per cent mortality was determined. The death of 
nematodes was ascertained by transferring them into plain water. 
For hatching experiments 5-egg masses of M. incognita of almost equal size were 
transferred separately into ' 0 mm petri dishes containing 5 ml extracts of 'd i f ferent concentra-
tions. Each treatment was replicated thrice with separate controls. The number of hatched 
larvae were counted after five days. 
Results and Discussioa 
The results presented in tables 1-4 clearly indicate that water extracts of all the test 
species of latex bearing plants had deleteriou; effect on plant parasitic nematodes. The 
mortality of nematodes and inhibition in larval hatchability of the root-knot nematode was 
found directly correlated with the concin t ra t ion of extracts, highest being in the standard 
solutions 'S' . The mortality also increased with an increase in the exposur- period. 
In case of the lance nematodi , Hoplolaimus indicus Sher. 100% were killed in 'S' 
concentrat ion of Ipnmoe fistulosa after 48 hours, however, this was achieved with Ficus carica 
after 60 hours and with Artocarpus heterophyllus after 72 hours. On the basis of the nema-
toxicity the test plants can be arranged in decreasing order as follows : 
•Present address : Scientist, Central Instituie of Medicinal and .Aromatic Plants, Post B a g N o . l . C . O . 
R- 'M Nagar, Lucknow-226C16. 
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fpomo(afistiilosa>Ficus carica> Anocarpus luterophyllus> Tabernaemontana coronariu,> 
Carica papaya> ^'crium odi)ru'n>Ficus glomerata ( T a b l e 1). 
TABLE 1 
Effect of shoot extracts of some latex bearing plants on the mortality 
of Itic l^ince nematode Hoplalaimu^ indicus Slier in vitro. 
Plants Concent- P c r c nt mortality after different durat ions of 
ration exposure. hours 
12 24 36 48 60 72 
Carica papaya L. S 0.00 21.50 30.00 34.44 39.90 78.88 
S/2 0.00 0.00 10.00 21.10 28.10 48,70 
S/10 0.00 0.00 5.50 11.00 14.44 25.50 
Anocarpus hete'ophyllus L. S 15.50 44.00 70.00 84.40 90.00 100.00 
S/2 0.00 30.00 40.00 58.90 67,00 74.44 
S/10 0.00 11.00 20.50 29.00 43.00 50.00 
FICUS carica L. s 20.00 42.80 55,50 67.00 100.(10 100.00 
s / 2 0.00 20.00 42.00 59,00 65.00 90,00 
S/10 0.00 11.10 21.10 32.00 43.00 50.00 
Ficus glomerata R o x b . s 0.00 20.00 31.30 40.30 43.30 58,80 
s / 2 0.00 10.00 16.66 19.90 25.00 34.50 
S/10 0.00 0.00 0.00 0.00 0.00 15.00 
Iponwea fistulosa M a r t s 10.00 20.00 37.00 100.00 100.00 100.00 
s / 2 0.00 10.50 21.30 28 30 44.40 M.JO 
S/10 0.00 0.00 10.00 12 20 19.90 25.60 
Ntrium odorum S o l a n d s 0.00 13.60 21.00 30.00 34.00 78,80 
S/2 0.00 0.00 10.00 13 00 19.00 48.70 
S/IO 0.00 0.00 0.00 5 50 10.00 25.50 
Tabernoenwniana s 10.00 14.44 35.00 48.34 56.50 80.88 
0 cronaria Willd. s / 2 0.00 12.20 21.30 3 : .90 47.77 58. S 
S/10 0.00 9.00 19.00 26.50 31.20 39.00 
Distilled Water — 0.00 0.00 0.00 0,00 0 00 0.00 
Each value is an average ot three replicates. 
T A B L E 2 
Effect of shoot extracts of some latex bearing plants on the mortali ty of the reniform nematode . 
Rntylenchulus reniformis L i n f o r d a n d O l i v e i r a in vitro. 
Plants Concent- Per cent mortality after different dura t ions of 
ration exposure . hours 
12 24 36 48 60 72 
Carica papa) a L. S 0.00 37.70 48.60 57.50 63.20 89.99 
S/2 0.00 20.20 28.50 33.33 54.30 61.10 
S/10 0.00 0.00 11.10 16.66 25,10 38 50 
Artocarpus henrophylhis L. S 34.30 57.70 66,67 88.00 100 00 lOO.CO 
s / 2 18.30 24.44 35,30 44.30 61.10 70.00 
S/10 10.00 17.70 24.50 35.00 50.00 60.00 
Ficus carica L . s 23.50 54.50 65.66 100 00 100.00 100 00 
s /2 10.00 28,89 47.30 67.10 73.10 100.00 
s / 1 0 0.00 10.00 31.00 38.33 44.30 53.00 
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Plants Concent- Per cent mortality after difTerent durations of 
ration exposure. hours 
12 24 36 41 60 72 
Ficus: ^lomerata R o x b . S 0.00 14.40 24.30 28.40 43.33 68.90 
S/2 0.00 5.50 10.10 14.30 29.90 47.60 
S/10 00.00 0.00 0.00 5.00 12.10 20.00 
Ipomoea fistulosa M a r t S 24.30 37.77 48.30 100.00 100.00 100.00 
S/2 15.50 21.10 28.80 38.30 47.00 55.50 
S/10 10.00 13.30 19.30 23 33 30.00 38.30 
Nerium odorum S o l a n d s 30.00 37.70 57.00 63.20 80.00 100.00 
s/2 21.00 26 00 34.60 40.10 44.40 51.00 
S/10 10.00 13.00 22.20 24.40 30.00 34.50 
Tabernaemomana 25.00 42,20 45.50 64.50 77.30 100.00 
coronaria VViUd. S/2 5.00 25.60 29.00 34.50 44.50 59.99 
S/10 0.00 11.00 16.70 21.11 27.70 34.50 
Distilled Water — 0.00 0.00 0.00 0.00 0.00 0.00 
Each value is an average of three replicates. 
TABLE 3 
Effect of shoot extracts of some latex bearing plants on the mortality of the stunt nematode, 





mortality after different 
hours 
durat ions of 
12 24 36 48 60 72 
Carica papaya L S 0.00 24.00 34.00 43.C0 63.60 89.90 
S/2 0.00 12.50 14.44 19.90 34.70 39.80 
S/10 0.00 0.00 5.00 18.00 21.00 27.00 
Artocarpus hi terophyllus L. s 25.00 46.30 54.50 83.30 S600 100.00 
s /2 19.90 27.77 37.00 43.50 49.00 58.80 
s / 10 12.22 21.00 26.00 26.50 32.00 41.00 
Ficus carica L. S 18.80 48.20 59.99 81.00 100.00 100 00 
S/2 0.00 27 30 43.30 63.30 68.88 93.33 
S/10 0.00 15.50 24.30 29.00 34.44 39.90 
Ficus ghmerata R o x b . s 0.00 12.50 21.33 41.10 52.30 62.50 
s / 2 0.00 0.00 15.55 33.30 41.10 49.90 
S/10 0.00 0.00 8 00 14.40 18.00 23.00 
Ipomoea fistulosa M a r t s 16.60 21.00 48.00 100.00 100.00 100.00 
S,'?, 0.00 13.00 31.10 34.44 49.00 70.00 
s / 1 0 0.00 10.00 15.30 19.00 38.00 48 00 
Nerium Odorum S o l a n d s 17.70 28.50 42.80 54.00 58.70 86.00 
s / 2 0.00 10.10 17.70 24.40 29.00 43.10 
S/10 0.00 0.00 9.00 15.50 18.00 29.00 
Tabernamcntana s 14.00 24.50 37.30 55.55 60.00 88.00 
coronaria Wilid. s / 2 0.00 15.50 18.90 29.30 35.33 48.88 
s / 10 0.00 10.00 12.20 15.55 18.80 31.00 
Distilled Water ^ 0.00 0.00 0.00 0.00 0.00 0.00 
Each value is an average of three replicates. 
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In case of the reniform nematode, Rotylenchulus renifarmis Linford and Olivcira 100% 
nematodes were killed in 'S' concentration of the extracts of Ficus carica and Jponioco fistulc-sa 
after 48 hours . Similar result! were obtained with Artocarpus heterophyllus after 60 hours and 
w i t h Nerium odorum a n d Tabernaemontana coronaria a*'ter 72 h o u r s . Carica papaya a n d Ficus 
ghnieraia gave mortali ty of S9.99% and 68.90%, respectively af ter 72 hours (Tabic 2). 
In the case of stunt nematode, TyLnclwrhynclws brassicae Siddiqi, /ponwea fistuln.sa 
extract was most toxic at S" concentrat ion and brought abou t 100% mortality af ter -<S hours . 
It was followed by Ficus carica and Artocarpus heterophyllus where 100% mortality was noted 
a f t e r 6 0 a n d 72 h o u r s , r e spec i ive ly . Carica papaya, Tabernaemontana coronaria, Nerium 
odorum and Ficus carica depicted reducing toxicity in that order (Table 3). 
It was observed that the root-knot nematode, Meloidogyne incognita was most sensitive 
to all the test extracts as 100% nematode larvae were killed after 72 h o u j > o f exposure in all 
the extracts except that of g/o'):crow where it was 8.133%. In case of Ficus carcia, 
Ipomoea fistulosa and Tabernaemontana coronaria this result was achieved even in S/2 
concentrat ion. On the basis of toxicity of extracts the test plants can be arranged in the 
t o l l o w i n g d e s c e n d i n g o r d e r : Ficus carica>lpomoea fistulosa> Artocarpus hcterophyUus> 
Nerium odorum> Carica papaya. Similarly, the larval hatching of the root -knot nematode 
was also inhibited. Here the inhibitory clTect of different test extracts in descending order w;is 
foWo^s, : Ficus carica>Tabernaemontana fistulosa>Carica papaya>Artocarpus heterophyl-
lus>Nerium odorum>Ficus glomerata ( T a b l e 4) . 
It is abundant ly clear f rom the results that the extracts of all the test species of latex 
bearing plants have nematicidal properties. It is possible that the toxicity is due to the latex 
besides other nematicides pretent in the plant extracts tested. 
The present findings may help in evolving indigenous approach for nematode control 
and to develop new nematicidal chemicals. 
T A B L E 4 
Effect of shoot extracts of some latex bearing plants on in vitro mortali ty and hatching of the 
r o o t - k n o t n e m a t o d e , Xfeloidogyne incognita Ch'Mwood. 
Concen- Per cent mortali ty af ter different dura t ions of No . of 
Plants tration exposure. larvae 
hatched 
hours in 5 days 
12 24 36 48 60 72 
Carica papaya L S 20.00 34.00 51.00 64.00 79.90 100.00 275 
S/2 16.66 22.00 42.00 47.00 56.00 73.00 310 
S/10 0.00 10.00 21.00 26.00 32.00 53.70 412 
Artocarpus hetero- s 23.60 31.60 48.00 55.55 88.80 100.00 315 
phyllus L a m . s/2 0.00 10.00 34.40 41.30 58.80 81.00 390 
S/10 0.00 0.00 11.10 17.77 29.00 53.33 535 
Ficus carica L . S 40.00 54.00 66.10 83.00 100.00 100.00 160 
s/2 16.10 31.10 48.10 69.10 88.00 100,00 290 




I ' l a n t s 
Conccn- Per cent mortali ty 
iraiion exposure. 
12 24 
after different durat ions of 
36 
hours 




in 5 days 
Fiai.s olomcrata S o.co 10 00 50.00 65.50 72.20 83.33 400 
Roxb. S/2 0.00 0.00 3).00 4S.00 59.60 66.00 450 
S'lO 0.00 0.00 15.00 25.00 34.00 59.00 SOU 
Ipomoea /islulosa s 40.00 43.10 69.50 75.00 100.00 100.00 200 
Mart s/2 0,00 35.50 49.00 68.00 86.60 100.00 421 
s/io 0.00 15.00 30.00 37.00 53,33 69.10 490 
Nerium odoruni s 30.00 41.00 49.00 65.00 86.00 100.00 320 
Soland s/2 10.00 15.00 21.00 25.50 68.00 77.77 450 
S/10 0.00 0 00 10.00 15.00 24.44 52.30 510 
Taberraemontana s 35.00 50.50 62.00 78.00 100.00 100.00 190 
coronaria Wil ld . s /2 15.00 25.00 45.00 63.50 84 00 100.00 322 
S/10 5.00 10.50 20.00 28.70 39.10 59.00 421 
Distilled water — 0.00 0.00 0.00 0.00 0.00 O.OQ 970 
Each value is an average of three replicates. 
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ABSTRACT LaiCN of lluplu rbiu r.cnifolia, Eup! orbio limcalH. 
I'ediiinlluii liihyinaioi:lfi, Calolropis pr.)cern. TiW-etia neru-
i'idini and Nerium iiuJicmii '-vcre highlv loxic lo Hop!i>lii:iiiu! 
indicus, Hclicoiylenclnis indiais and Tylenchus filifonris, 
though, to varying extent. The toxicity increased with an 
increase in the concentration of laiex and exposure period. 
Haseeb et al.^-- have repot ted nematicidal pro-
perties of some alkaloid bearing plants. They have 
clairacJ this proper ty to be due to alkaloids present 
in lest plants. In the present investigation, an a t tempt 
has been made to evaluate the nematicidal proper-
tics of p lant latex and to see whether these plants 
could be used as organic soil amendments for neina-
toJe control . 
Latex was collected f rom Euphorbia neriifolia 
Linn. (Family-Euphorbiaceae) , Euphorbia liriicalli 
Linn. (Fam.-Euphorb iaceae) , PeJilanihiis riihymaloi-
des Poit . (Fam.-Euphorbiaceae) , Cohtropis procera 
( A i t . ) R . B r . ( F a ; T i . - . A s c l e p d i a c e a e K Thevetia peruvi-
an.i (Pers.) Schum. (Fam.-Apocynaceae) and Nerium 
indicurti Mill. (Fam.-Apocynaceae) . Since the latex 
was very viscous, it was diluted by adding equal 
a m o u n t of distilled water and was termed as 
s tandard(S) . DitTercdt dilutions, vi^., S/2, S/10, S/100 
and S/1000 were also prepared by adding requisite 
1 
amoun t of distilled water. 
For mortality exneriments, sepaia te 5ml suspen-
sions of hand-picked (Khan ei ai.^) nematodes con-
taining about 500 specimens of Hoplolain.us indicus 
S h e r . Helicotylenchus indicus S i d d i q i a n d Tylcncbus 
filiformis Butschli were poured over 350 mesh cop-
per sieve of 1 cm diameter (Alam e! al.*). The sieve 
was then inverted over a petridish of 40 m m 
diameter and nematodes v.ere washed down with 
10 ml of latex suspension. The inserted sieve was 
then gently immersed and shaken in the suspension 
in order to dislodge the remaining nematodes, if 
any. This procedure was repeated for each dil 'Jtion 
of latex. Fach t rea tment was replicated thrice. The 
number of immobile and mobile nematodes '^as 
counted af ter 12, 24, 36, 4?, 60 and 72 hours. The 
death of nematodes was ascertained by transierring 
the immobilized nematodes to plain water. The 
per cent mortality was then calculated. 
A perusal of results clearly indicate that latex 
f rom all the plants was highly deleterious to the 
test species of nematodes . 
In case of Hoplolaimiis indicus t h e l a t ex f r o m 
Pedilanthus tithymaloides was most toxic, where 
80.00% nematodes were killed is 5 concentra t ion 
within 12 hrs of exposure . It was followed by latex 
324 
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from Calotropis proccra (63.3.V.V, mortality), There-
tia perus-iana (57.00";) Euphorbia tirucaUi (50.00°/,,). 
In c a s e of Euphorbia neriifolia a n d Neriimi indiruin, 
the mortali ty was less than 50.OO^. The mortali ty 
incrcascu w ith CApo^arc pei ii.) J. Tiie S ooiKeiitiati<jn 
of all the latex e.xcept that of Nerlum indicum 
brnuuht about lOO.OOo; after 72 hrs. This 
(100.00% mortaliiy) w j s achieved in S/2 c tncuUra -
t ion o n l y in Pcdilantlius tithymaloides. Calotropis 
procera a n d euphorbia lirucaUi. In 5 / 1 0 c o n c e n t r a -
tion the mortali ty ranged between 60.00%-88.89% 
after \2 hrs., whereas incase of 5/100 concentration, 
the range was between 40.00%-74.00%. The S/1000 
CDncentration was found least effective in all thc 
cases as no nematode was killed wiihin 12 hrs of 
exposure, and even af ter 72 hrs, the maximum mor-
tality was 43.00% and m i n i m u m 25.00%. 
In .S concentration of laiex of Nerium indicum 
and Pedilanthus tithymaloides. 100.00% mortality 
of Hciicotylenchus indicus was observed even in a 
short exposure period of 12 hrs. It was followed 
by 8 0 . 0 0 % in Calotropis procera, 5 5 . 0 0 % in Euphor-
bia tirucalli. 50 .00 ' , / in E-iphorbia neriifolia a n d 
45.00% ia Thevetia peruviana. However, 100.00% 
mortality was achieved in all the latex within 72 
h r s . I n c a s e of Euphorbia neriifolia, Thevetia peru-
viana a n d Pedilanthus tithymaloides even 5 / 1 0 
concentration brought abou t 100.00% kill witnin 
72 hrs. In other latex the range was between 
61.00%-77.00%. In 5/100 concentrat ion the m o r t a . 
lity ai~ter 72 hrs ranged . between 44,G0%-S6.00% 
and in 5/1000 concentrat ion in between 27.00%-
50.00%. In shorter exposure periods this concentra-
tion was not at all toxic. 
The S concentrat ion of only Nerium indicum 
latex brought about 100.00% mortality of Tylencbus 
filiformis within 12 hrs, whereas, it was 71.00",. in 
Calotropis procera, 6 5 . 0 0 % in Thevetia peruviana. 
5 5 . 0 0 % in Pedilanthus tithymaloides a n d Euphorbia 
tir.xaUi a n d 2 5 . 0 0 % in Li,phorl:a neriifolia. A f t e r 
72 hrs of e.xposure the mortali ty was 100.00% in 
all the late.x. in case of Calotropis procera a: d 
Euphorbia tirucalli c^sn 5 /100concentrat ion b tough t 
about i00 .00 \ , kill af ter 72 hrs. whereas this was 
achieved by 5 /10 concentration in 7V;eve//,j peruvi-
ana and Pedilanthus tithym.:loides Though 2f5.00%, 
nematodes were killed in 5/1000 concetration of 
Euphorbia lirucn.lli after 12 hrs yet there was no 
mortali ty in other l'-;t:x of the same concentrat ion 
a f te r 12 hrs. In t;iis concentration r-.e range ol' 
mortali ty after 72 hrs. was between 14.00%-
65.00%. 
It is clear f rom the foregoing that the laiex o; 
all the test plants was toxic to the nematodes. 
However, the toxic^y of latex varied f r o m plant 
to plant in different nematode species. The to.'.icity 
of latex increased with an increase in the concentra-
t ion and exposure period. The toxicity of latex 
m a y be due to some chemicals present in it. These 
studies would go a long way in exploiting these 
latex bearing plants for selecting suitable control 
programmes. 
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E V A L U A T I O N O F N E M A T I C I D A L P R O P E R T I E S I N S O M E L A T E X 
B E A R I N G P L A N T S 
MANSOOR A. SIDDIQUI, A K H T A R HASEEB* and M. MASHKOOR ALAM 
Department of Botany, Aligarh Muslim University, Aligarh-202 001, India 
Abstract : Incorporation of chopped shoots of latex bearing plants significantly 
suppressed the population build-up of Rotylendudus renifonnis and Tylenchorhynchus 
brassicae and reduced the root-knot development caused by Meloidogyne incognita. 
Chopped shoots of Ficus elastica gave greatest reduction in nematode population and 
root-knot development. These amendments also showed significant improvement in 
plant growth highest being in the treatment with chopped shoots of F. elastica. 
Key words : Meloidogyne incognita, Rotylenchulus reniformis, Tylenchorhynchus bras-
sicae, latex bearing plants, control. 
It is an established fact that organic 
soil amendments can provide safe and 
pol lut ion free control of nematode pests. 
A variety of organic additives of plant 
origin have been tested for their suitabi-
lity as nematode controlling agents (Muller 
& Gooch , 1982). The present paper 
repor ts the efficacy of some latex bear ing 
plants against three very impor tan t spe-
cies of plant parasitic nematodes 
MATERTIALS A N D MATHODS 
Clay pots (15 cm), filled with 1 kg 
autoclaved soil, were incorporated with 
lOOg chopped shoots of some latex bear-
ing plants viz., Carica papaya L., Artocar-
pus heterophyllus L., Ficus carica L., F. 
elastica Roxb. , F. giomerata Roxb. , Ipo-
moea fistulosa Mar t , Nerium odorum So-
land and Tabernaemontana coronaria 
Willd. Immediately af ter incorporat ion, 
the pots were watered for ensuring proper 
decomposi t ion of the additives. Un t rea t -
ed pots served as control . Af ter a waiting 
period of two weeks, three-week-old 
seedlings of t o m a t o {Lycopersicon lycoper-
sicum (L.) Karsten) cultivar Pusa Ruby, 
eggplant {Solatium melongena L.) cultivar 
Pusa Purple Long, cabbage {Brassica 
oleracea capita fa L.) cult ivar Pride of 
India and cauliflower {Bra.ssica oleracea 
botrytis L.) cultivar Maghi, were t rans-
planted singly. The plants were then 
inoculated with 5000 freshly hatched 2nd 
stage juveniles of the root -knot nematode, 
Meloidogyne incognita (Kofoid & White) 
Chi twood or freshly isolated specimens 
of the reniform nematode, Rotylenchulus 
reniformis Linford & Oliveira and the 
s tunt nematod i , Tylet\chorhynchus brassi-
cae Siddiqi. After two mon ths of inocu-
lat ion the plants were carefully uprooted , 
washed, blotted in order to remove ext ra 
water and the weight of shoot / root deter-
mined. Soil popula t ion of nematodes 
w a s also determined by using Cobb ' s 
sieving and decanting me thod alongwith 
modified Baermann funne ls (Southey, 
1970). Root -knot index was rated on 0 - 4 
scale. Reproduct ion factor (R) was cal-
*Present address Central Institute of Medicinal & Aromatic Plants (CIMAP-CSIR), P.O.-
R.S.M. Nagar, Lucknow-226 016, India, 
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cu la tcd by d iv id ing the final p o p u l a t i o n 
of the n e m a t o d e wi th the initial p o p u l a -
t ion (Pf /Pi) a cco rd ing to O o s t e n b r i n k 
(1966). 
RESULTS A N D DISCUSSION 
All the th ree n e m a t o d e species mu l t i -
plied f ree ly in con t ro l po ts (Tab les l - 3 j . 
T h e incorporation o f chopped shoots of 
latex bea r ing p l an t s s ignif icantly s u p p -
ressed Jt. rcnifonnis ( T a b l e 2) a n d T. 
brassicac (Tab le 3) a n d r e d u c e d the r o o t -
k n o t d e v e l o p m e n t (Table 1). C h o p p e d 
s h o o t s o f Ficus elastica gave h ighes t r e d u c -
t ion in n e m a t o d e p o p u l a t i o n / r o o t - k n o t 
deve lopmen t . 
T h e p l an t s g r o w n in a m e n d e d soil 
showed signif icant i m p r o v e m e n t in p l a n t 
g rowth , h ighes t be ing in those t r ea t ed 
wi th the c h o p p e d shoo t s of F clasHca. 
T h e i m p r o v e m e n t in p l an t g r o w t h m a y 
pa r t ly be d u e to the reduc t ion in n e m a -
t o d e p o p u l a t i o n / r o o t - k n o t deve lopmen t 
a n d par t ly d u e t o the fact tha t these 
addi t ives a l so served as organic m a n u r e s . 
I t could be d u e a lso because of a c c u m u -
la ted toxic i ty of the d e c o m p o s i n c p r o d u c t s 
{Mdimetai, 1979; K h a n ct ai, 1974) o r 
increase in p r edac ious or paras i t i c act ivi ty 
of soil b i o t a ( L i n f o r d , 1937). F u r t h e r , 
changes in physical a n d chemica l p r o p e r -
ties of soil m a y be inimical t o n e m a t o d e s 
( A h m a d et oL, 1972) o r they m a y b e 
increas ing hos t res is tance (A lam ct a! 
1977, 1980). 
TABLE 1. Effect of chopped shoots of some latex-bearing plants on the root-knot development 






Plant weight (g) 





Plant weight (g) 














C.D. (p = 0.05) 
C D. (p = 0 01) 
39.4 33.5 0.4 12.5 8.2 4.0 
51.4 45.3 1.1 17.4 13.6 1.0 
75.7 52.5 1.7 25.0 21.4 1.6 
n.Q 52.6 0.7 29.8 25.4 0.5 
74.4 66.0 0.6 33.4 29.7 0.4 
79.9 56.6 1.3 20.4 18.5 1.2 
54.5 61.7 1.5 17.6 12.5 1.4 
57.8 45.8 2.5 14.9 11.6 2.3 
54.6 55.5 1.7 14.9 15.8 1.7 
2.4 5.0 0.6 3.5 4.5 0.7 
3.2 6.8 0.8 4,8 6,2 0.9 
Each value is an average of three replicates. 
Initial inoculum level of Meloidogyne incognita 5000 juveniles per plant. 
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TABLE 2. Effect of chopped shoots of some latex-bearing plants on the population of the reni-
fonn nematode, Rotylenchulus reniformis and plant growth of tomato and eggplant in po's 
Treatments Tomato Eggplant 
(choppea 
shoots) Plant weight (g) Final 
R -
Plant weight (g) Final 
Pf 
Pi (Shoot + Root ) popu- (Shoot + Root) popu- R = 
lation lation 
Unincu Inocu- Unincu- Incu-
lated lated lated lated 
Untrea ted 38.6 26.5 8350 1.7 15.3 11.4 6930 1.4 
Carica papaya 54.3 47.8 4600 0.9 36.4 27.8 4400 0.9 
Artocarpus helero-
26.7 phyllus 59.5 51.4 3750 0.8 2 2 8 3600 0.7 
Ficus carica 51.6 48.6 3630 0.7 54.2 50.5 3460 0.7 
Ficus elastica 54.6 50.4 3230 0.6 69.0 64.3 3120 0.6 
Ficus glomerata 74.4 66.4 3900 0.8 54.5 50.8 3750 0.8 
Ipomoea fistulosa 46.5 47.3 4340 0.9 46.1 45.0 4070 0.8 
Neriiim odorunt 43.7 39.4 4400 0.9 45.9 38.1 4130 0.8 
Tabernaemontana 
coronaria 48.3 43.1 4170 0.8 43,9 41.8 3920 0.8 
C.D. (P = 0.05) 3.8 4.0 46.2 4.1 4.0 45.5 
C.D. (P = 0.01) 5.2 5.2 63.7 . 5.7 5.5 62.7 
Each value is an average of three replicates. 
Initial inoculum level of Rotylenchulus reniformis = 5000 nematodes per plant. 
R = Reproduction factor, Pr = Final popula t ion . Pi = Initial populat ion. 
TABLE 3 Effect of chopped shoots of some latex-bearing planls on the popalation oUhe stunt 
nematode, Tylenchorhynchus brassicae and plant growth of cabbage and cauliflower in pots. 
Treatments Cabbage Cauliflower 
shoots) Plant weight (g) Final 
popul-
at ion 
- 1 7 










Untreated 36.0 21.2 5800 1.2 36.3 22.3 6500 1.3 
Carica papaya 53.3 49.7 2900 0.6 53.3 52.4 2700 0.5 
Artocarpus hetero-
phyllus 78.9 58.8 1230 0.2 54.4 50 5 1330 0.3 
Ficus carica 6'..6 57.3 1000 0.2 60.5 55.2 1250 0.3 
Ficus elastica 64.9 59.4 1110 0.2 63.5 58.3 1180 0.2 
Ficus glomerata 57.9 45.3 1120 0.2 68.2 51.1 1420 0.3 
Ipomoea fistulosa 55.4 45.4 1250 0.3 59.8 46.8 1370 0.3 
Nerium odorum 47.6 47.3 1270 0.3 52.7 29.5 1850 0.4 
Tabernaemontana 
coronaria 54.2 45.8 2330 0.5 44.8 36.6 2500 0.5 
C.D. (P = 0.05) 3.7 4.2 38.9 4.6 4.1 44.2 
C.D. (P = O.OI) 5.1 5.8 53.6 6.3 5.6 60.9 
Each value is an average of three replicates. 
Initial inoculum level of Tylenchorhynchus brassicae = 5000 nematodes per plant. 
R = Reproduct ion factor. Pi = Final popula t ion . Pi = Initial populat ion. 
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EFFECT OF LATEX SEED DRESSING ON 
ROTYLENCHULUS RENIFORMIS AND PLANT GROWTH 
OF SOME VEGETABLES 
by 
M . A . S iDDiou i a n d M . M . ALAM 
The r e n i f o r m n e m a t o d e , Rotylenchuhis renifonnis 
Linfo rd ci O l ive i r a h a s been r ecogn ized a s o n e of t h e 
se r ious pes t p r o b l e m s in India . It c a u s e s e n o r m o u s los-
ses in s o m e i m p o r t a n t vege t ab l e c r o p s . In the p r e s e n t 
s tudy we have inves t iga ted the feasibi l i ty of use of p lan t 
latex seed d i e s s i n g s f o r the c o n t r o l of ih is n e m a t o d e . 
Materials and Methods 
Latex w a s co l l ec t ed f r o m Calotropis gigantea (L.) R. 
Br. ex Ait. (Fami ly -Asc lep iadaceae ) , C. procera (Ait.) R. 
Br. (Fam-Asclepiadaceae) , Euphorbia milii Des M o u l i n s 
( F a m - E u p h o r b i a c e a e ) , £ . neriifolia ( F a m - E u p h o r b i a -
ceae) a n d E. tirucalli L. ( F a m . - E u p h o r b i a c e a e ) , a f t e r 
m a k i n g o b l i q u e c u t s w i t h t he he lp of a s h a r p sca lpe l , 
and w e r e a r b i t r a r i l y t e r m e d as s t a n d a r d (S). S e e d s of 
t o m a t o , Lycopersicon esculentum Mill. cv. P u s a R u b y , 
eggp lan t , Solauum melongena L. cv. P u s a P u r p l e long 
and oki a, Abelmoschus escidentus Moench . c\-. Pusa Sa-
wani w e r e t h o r o u g h l y mixed wi th d i f f e r e n t p lan t l a tex 
so as to g i \ e a u n i f o r m a n d s m o o t h c o a t i n g o \ e r t he 
seeds . T h e t r e a t e d s e e d s w e r e then s p r e a d in an e n a m -
el t ray a n d a l l o w e d to d r y in s h a d e b e f o r e sowing . 
E x c e p t i n g o k r a , t he t r e a t e d as well a s u n t r e a t e d s e e d s 
w e r e then s o w n in d i f f e r e n t c l a \ po t s c o n t a i n i n g s te r i -
lized soil . T h r e e - w e e k - o l d s eed l i ngs w e r e t r a n s p l a n t e d 
s ingly to 15 c m c lay p o t s c o n t a i n i n g 1 kg a u t o c l a v e d 
so i l -manure m i x t u r e a n d then inocu la ted wi th d i f f e r en t 
inocu lum levels of f r e s h l y isola ted s p e c i m e n s of R. reni-
formis viz. 50, 500 a n d 5000 p e r pot . I n o c u l a t i o n s w e r e 
m a d e by t r a n s f e r r i n g t h e n e m a t o d e s u s p e n s i o n to 
ho les in t he soi l a r o u n d t h e p l a n t roo t sys t en i . In t h e 
c a s e of o k r a , s e e d s w e r e d i r e c t l y s o w n in p o t s . A f t e r 
g e r m i n a t i o n , t h i n n i n g w a s d o n e to k e e p only o n e p l a n t 
pe r pot . At 3 w e e k s p l a n t s w e r e inocu la t ed as above a n d 
each t r e a t m e n t r ep l i ca t ed 3 l imes . T h e e x p e r i m e n t w a s 
r a n d o m i z e d o n g l a s s h o u s e b e n c h e s , w a t e r e d da i ly a n d 
m a i n t a i n e d a t 28 ± 2°C. 
Al ter t h r e e m o n t h s , t he p l an t s w e r e uprcxi ted, roo t s 
w e r e w a s h e d a n d p lan t w e i g h t s d e t e r m i n e d . T h e f ina l 
n e m a t o d e p o p u l a t i o n in t h e soil w a s d e t e r m i n e d by 
u s i n g C o b b ' s s ieving a n d d e c a n t i n g m e t h o d . Data w e r e 
s t a t i s t i c a l l v a n a l y s e d f o r c r i t i ca l d i f f e r e n c e (C.D.) at 
P = 0.05 ( S u k h a t m e a n d Amble , 1978). 
Resul ts and Di scuss ion 
R e s u l t s a s p r e s e n t e d a n d s u m m a r i z e d in t a b l e I 
c lear ly i n d i c a t e tha t t o m a t o , eggp lan t a n d o k r a show ed 
h igh s u s c e p t i b i l i t y to t he r e n i f o r m n e m a t o d e as t he po-
p u l a t i o n s of t he n e m a t o d e mul t ip l i ed in all the u n t r e a t -
ed po t s . T h e p l a n t w e i g h t s w e r e r e d u c e d s i g n i f i c a n t l y 
a t h ighe r i n o c u l u m levels of the n e m a t o d e (500 a n d 5000 
s p e c i m e n s / p l a n t ) . H o w e \ e r , the r e s u l t s w e r e not con-
s i s t a n t w h e n t h e p l a n t s w e r e i n o c u l a t e d a t 50 n e m a t o -
d e s / p l a n t . 
Seed d r e s s i n g w i t h d i f f e r e n t p l a n t la tex b r o u g h t 
a b o u t s i g n i f i c a n t r e d u c t i o n in the p o p u l a t i o n of t he ne-
m a t o d e w i t h a c o r r e s p o n d i n g i n c r e a s e in the p l a n t 
g r o w t h . T h e r e s u l t s h o w e v e r s h o w t h a t the d a m a g e 
c a u s e d by the r e n i f o r m n e m a t o d e w as not fullv reco\ er-
ed by the s eed c o a t i n g w i th the l a tex . Th i s w a s a l s o 
ev ident f r o m the fact tha t the n e m a t o d e popu la t ion \ \ a s 
no t c o m p l e t e l y c h e c k e d . 
It a p p e a r s in t he p r e s e n t f i n d i n g s tha t the p l a n t s 
r a i sed f r o m t r e a t e d seeds , have a c q u i r e d s o m e res i s tan-
c e / t o l e r a n c e a g a i n s t t h e t e s t n e m a t o d e r e s u l t i n g in its 
p o o r m u l t i p l i c a t i o n . T h e s e e d s of t o m a t o , eggp lan t a n d 
o k r a w h e n c o a t e d w i t h d i f f e r e n t p l a n t la tex s h o w e d 
s ign i f ican t i m p r o v e m e n t in p lant g r o w t h . This may a l so 
be d u e to t h e r e d u c t i o n in n e m a t o d e p o p u l a t i o n . 
O u r r e s u l t s s u p p o r t t h o s e of M a q b o o l ei ai. (1987) 
w h o have o b t a i n e d r e d u c e d root gal l ing o n eggplan i a n d 
t o m a t o by t h e soil a p p l i c a t i o n of l a t e x of Eiipho'bia 
caducifolia a n d Calotropis procera. 
In t he p r e s e n t s t u d y it w a s a l s o n o t e d t h a : t he 
' a p p l i c a t i o n of p l an t l a t ex h a s i m p r o v e d p l an t g row th 
even in u n i n o c u l a t e d c o n t r o l s . 
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1 IK K iiliiin I 1 L'al tiK'ii!' 
I'laiu woiglu- (TI) and uoinaUKlo populalKin' m dilli' u-Ml l.ilex' sri 
CP liM I-:N It 
\\ I \\L Pop. \VI p.,,.. WL R. .|V W, ! 1 Pop 
Tonuilo 
0 UN 24.7 — 26.3 — 24.7 — 26.3 26.3 
TR 26.4 28.5 - - 27.3 — 29.7 — 27.7 — 
5 0 UN 22.3 110 23.8 100 22.3 110 23.8 100 23.8 100 
TR 25.1 50 26.0 40 24.3 40 26.4 0 25.5 30 
500 UN 19.0 750 22.9 800 19.0 750 22.9 800 22.9 800 
TR 20.3 410 24.1 415 20.5 390 24.8 250 24.5 430 
5000 UN 12.1 5630 12.3 5750 12.1 5630 12.3 5750 12.3 5750 
T R 15.4 4435 15.3 4533 15.1 4320 14.5 4250 13.5 4450 
C.D. (P = 0.05) 1.7 34.5 1.7 74.0 1.1 3 9.6 1.7 68.7 1.4 S I . 3 
Eggplunl 
0 UN 32.6 — 34.7 — 32.6 — 34.7 — 34.6 
TR 35..^ — 38.7 — 34.7 — 35.5 — 36.1 — 
50 UN 28.2 70 31.0 80 28.2 70 31.0 80 31.0 SO 
TR 32.5 30 32.5 35 32.0 10 31.2 25 32.6 40 
500 UN 35.8 740 26.7 753 25.8 740 26.7 753 26.6 753 
TR 28.5 360 27.0 353 27.8 310 28.5 310 28.6 340 
5000 UN 17.1 5800 18.0 5903 17.1 5800 18.0 5903 18.0 5903 
TR 20.4 4320 19.7 4423 19.5 4150 19.0 4016 19.7 4 0 9 6 
C.D. (P = 0.051 1.7 37.2 1.6 58.5 ! .3 29.8 2.3 66.4 1.9 41.1 
Okra 
0 UN 37.8 41.3 — 37.8 — 41.3 — 41.3 — 
TR 41.1 — 44.4 — 40.3 — 45.9 — 43.6 — 
50 UN 36.8 130 38.9 120 36.8 130 38.9 120 38.9 120 
TR 41.1 40 42.3 35 39.9 30 40.2 30 40.9 50 
500 UN 30.0 960 30.6 1080 30.0 960 30.6 1080 30.6 1080 
TR 34.1 370 32.4 390 32.6 300 35.8 360 32.3 480 
5000 UN 15.2 6880 16.4 6860 15.2 6880 16.4 6860 16.4 6860 
TR 18.1 41 30 21.7 4150 17.8 4010 23.0 4100 18.2 4470 
C.D. (P = 0.05) 1.9 42.5 3.9 43.0 1.1 34.7 3.5 49.3 2.1 69.1 
' I'.Jch ^aluc !•< an avciaiii.' i>l ihu'c i I'pl .i'..•-
• lJ\-L'mtcatod -sc-cds, T R Si'i.'ii> iicaloJ \M',I  lla' (lalutal LOIKOIIU aliun ol lau'x 
' CT,---(•<{/(,/'•,;;-,, CP C. I>nn;',.i, E\\ /»fa "lihi, >u-iiit<>lia: ET -/.". niuctilli. 
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EFFECT OF SEED DRESSING WITH PLANT LATEX ON 
TYLENCHORHYNCHUS BRASSICAE A N D P L A N T 
G R O W T H OF C A B B A G E A N D C A U L I F L O W E R 
MANSOOR A. SIDDIQUI AND M. MASHKOOR ALAM 
Department of Botany, 
Aligarh Muslim University, Aligarh-202002, India. 
Abstract 
Cabbage and cauliflower were highly susceptible to the stum nematode, Tylenchorhynchus brassicae, as 
there was sigruficant reduction in plant growth and an increase in nematode numbers. Seed dressings with the 
latices of Calotropis giganlea, C. procera. Euphorbia milii, E. neriifotia and E. tirucalli significantly inhibited 
ncmanxie increase and resulted in overall improvement of plant growth. However, none of the Ireatmenls to-
tally eliminated the nematode. This t>'pe of control is considered inexpensive and pollution-free. 
The Stunt nematode, Tylenchorhynchus brassicae Siddiqi is a widely distrib-
uted pest in India. It mainly attacks cabbage, cauliflower, and other cruciferous 
plants and can cause high losses (Siddiqui, 1969). It has been successfully con-
trolled by nematicides (Siddiqui & Khan, 1973, 1974) and organic soil amend-
ments (Alam, 1986). Many of the traditional organic additives have systemic ac-
tion against root-knot nematode (Singh et al, 1980, 1984). This type of informa-
tion, however, is lacking in the case of the stunt nematodes. There are reports of 
the nematode-toxicity of plant latices (Siddiqui et al., 1984; Zurreen & Khan, 
1984), and water cxtracti of latex bearing plants (Haseeb et al., 1984). Soil 
amendment of chopped plant parts (Siddiqui et al, 1987), and plant latices 
(Maqbool et al.. 1987) have also shown practical utility of latex bearing plants in 
nematode management. In the present study we investigated the effect of plant 
latex as a seed dressing agent on T. brassicae. 
Materials and Methods 
Latex was collected from Calotropis gigantea (L.) R.Br., C. procera (Ait.) 
R. Br., (Asclepiadaceae), Euphorbia milii Des Moulins, £ . neriifolia L., and E. 
tirucalli L. (Euphorbiaceae), after making oblique cuts with the help of a sharp 
scalpel. Seeds of cabbage, Brassica oleracea capitata L., cv., Pride of India and 
cauliflower, Brassica oleracea botrytis L., cv., Maghi were separately mixed 
with each plant latex to give a uniform and smooth coating over the seeds. The 
treated seeds (TR) were then spread in an enamel tray and allowed to dry in 
- 3 6 9 -
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shade before sowing. Seedlings were raised from treated (TR) as well as un-
treated ( U N ) seeds in an autoclaved, soil-manure mixture. Three-week-old seed-
l ings transplanted singly to 15 cm diam., clay pots containing 1 kg sterilized 
soil-manure mixture were inoculated with 50 , 5 0 0 or 5 0 0 0 specimens of T. bras-
sicae freshly isolated from soil o f concrete microplots maintaining pure culture 
of the nematode. Isolation of nematodes was done fo l lowing Cobb's s ieving and 
decanting method alongwith a modified Baermann funnel technique (Southey, 
1986). Each treatment was replicated 6 times. The pots were watered daily, ran-
domized and kept on a glasshouse bench (28 ± 2°Q. The plants were uprooted 
after three months, washed and their weight and length determined. The final 
nematode population in soil was also detenmined. A reproduction factor (R) was 
Table 1. Effect of seed dressing with latex from Calotropis spp., on population 
development of Tylenchorhynchus brassicae and plant growth of cabbage cv., 














Cabbage 0 UN 34.5 19.8 — — 
TR 38.1 23.7 — — 
50 UN 26.2 18.3 100 2.00 
TR 30.0 21.7 45 0.90 
500 UN 24.4 16.2 810 1.62 
TR 27.4 18.6 450 0.90 
5000 UN 19.5 11.0 5630 1.13 
TR 21.8 14.7 4810 0.96 
LSD (P = 0.05) 1.6 1.4 24.8 
LSD (P = 0.01) 2.2 1.9 35.2 
Cauliflower 0 UN 33.5 21.1 — 
TR 36.5 24.4 — — 
50 UN 30.9 17.7 115 2.30 
TR 32.7 20.2 35 0.70 
500 UN 28.8 14.1 730 1.46 
TR 33.3 16.0 410 0.82 
5000 UN 22.6 12.0 5570 1.11 
TR 25.5 17.7 4620 0.92 
LSD (P = 0.05) 1.6 1.4 41.1 
LSD (P = 0.01) 2.2 2.0 58.4 
- 3 7 0 -
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Calotropis procera 
Cabbage 0 UN 37.0 20.0 — — 
TR 39.2 25.0 — — 
50 UN 29.3 20.3 90 1.80 
TR 30.5 23.8 40 0.80 
500 UN 26.5 17.3 703 1.40 
TR 29.0 20.0 403 0.82 
5000 UN 20.0 14.4 5550 1.10 
TR 21.3 15.4 4746 0.81 
LSD (P = 0.05) 1.8 2.7 34.6 
LSD (P = 0.01) 2.1 3.1 42.0 
Cauliflower 0 UN 37.5 22.5 
TR 39.8 26.0 — 
50 UN 34.2 21.5 97 1.90 
TR 35.2 24.6 40 0.80 
500 UN 30.0 17.2 700 1.40 
TR 34.7 20.4 403 0.80 
5000 UN 24.7 13.4 5506 1.10 
TR 26.0 18.0 4550 0.81 
LSD (P = 0.05) 2.7 1.4 14.4 
L S D (P = 0.01) 3.1 1.6 17.5 
Each value is an average of 6 replicates. UN = Untreated seeds, TR = Seeds treated with the natural concentra-
tion (S) of latex. R = Reproduction factor. 
calculated by dividing the final population by the initial population (Pf/Pi) as 
suggested by Oostenbrink (1966) . Data were statistically analysed at P = 0 .05 
and P = 0.01 (Sukhatme & Amble , 1978). 
Resu l t s a n d Discuss ion 
In control sets the nematode multiplied on both the test plants (Tables 1-2) . 
Plant length and weight were reduced significantly at higher inoculum leve ls 
( 5 0 0 and 5 0 0 0 specimens/plant) in untreated controls. T h e s e results were not 
consistent at the lowest inoculum level o f 5 0 nematodes/pot. 
Use of plant latices as seed dressing significantly reduced the nematode 
multiplication with a corresponding increase in plant growth (Table 1-2). The ef-
fect was more marked at the highest inoculum leve l 5000 specimeris/plant. H o w -
ever, damage caused by the stunt nematode w a s not fully prevented by the seed 
coatings. This w a s evidenced from the fact that the nematode population w a s not 
complete ly checked, though the inhibition in the nematode population due to the 
- 4 1 0 -
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Table 2. Ef fect of seed dress ing with latex f r o m Euphorbia spp. , on 
popula t ion d e v e l o p m e n t o f Tylenchorhynchus brassicae and plant 
g r o w t h of c a b b a g e cv., Pr ide of India a n d cau l i f lower cv., Maghi . 
Plant Inoculum Treat- Length Weight Final R 




Cabbage 0 UN 34.5 19.8 — — 
TR 36.2 22.3 — — 
50 UN 26.2 18.3 100 2.00 
TR 29.0 21.5 55 1.10 
500 UN 24.4 16.2 810 1.62 
TR 25.7 18.3 460 0.92 
5000 UN 19.5 11.0 5630 1.13 
TR 20.5 14.2 4950 0.99 
LSD (P = 0.05) 2.5 1.1 36.6 
LSD (P = 0.01) 3.4 1.6 52.0 
Cauliflower 0 UN 33.5 21.1 — — 
TR 34.9 24.3 — • — 
50 UN 30.9 17.7 115 2.30 
TR 31.5 19.3 45 0.90 
500 UN 28.8 14.1 730 1.46 
TR 31.7 15.8 440 0.88 
5000 UN 22.6 12.0 5570 1.11 
TR 25.2 15.5 4730 0.95 
LSD (P = 0.05) 2.6 1.4 30.8 
LSD (P = 0.01) 3.6 1.9 24.8 
Euphorbia neriifolia 
Cabbage 0 UN 33.1 27.7 — — 
TR 37.3 30.2 — — 
50 UN 29.8 19.4 90 1.80 
TR 30.0 26.2 50 1.00 
500 UN 24.8 15.2 710 1.42 
TR 26.8 19.6 385 0.77 
5000 UN 18.8 11.3 5816 1.17 
TR 21.0 15.3 4706 0.94 
LSD (P = 0.05) 1.5 1.6 36.1 
LSD (P = 0.01) 1.7 1.9 43.8 
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Cauliflower 0 UN 35.4 28.8 — — 
TR 38.5 . 30.1 — — 
50 UN 32.2 20.5 103 2.00 
TR 34.2 25.1 32 0.64 
500 UN 24.6 14.7 650 1.30 
TR 27.9 20.5 393 0.78 
5000 UN 23.6 11.3 5500 1.10 
TR 24.5 16.3 4600 0.92 
LSD (P = 0.05) 1.8 1.8 18.4 
LSD (P = 0.01) 2.5 2.0 26.2 
Euphorbia tirucalli 
Cabbage 0 UN 33.1 27.9 — — 
TR 34.3 29.2 — — 
50 UN 30.0 24.1 90 1.80 
TR 32.7 27.0 50 1.00 
500 UN 24.4 15.4 710 1.42 
TR 27.8 19.8 460 0.92 
5000 UN 19.8 12.7 5816 1.17 
TR 21.7 15.8 4800 0.96 
LSD (P = 0.05) 1.9 1.2 40.9 
LSD (P = 0.01)' 2.1 1.4 49.7 
Cauliflower 0 UN 33.8 26.7 _ 
TR 36.2 28.8 — — 
50 UN 31.0 19.6 103 2.06 
TR 34.2 21.3 0 0.00 
500 UN 21.9 12.6 653 1.30 
TR 29.0 15.9 500 1.00 
5000 UN 20.3 14.5 5500 1.10 
TR 24,0 16.5 4553 0.91 
LSD (P = 0.05) 2.2 2.0 24.9 
LSD (P = 0.01) 2.5 2.3 30.3 
tion (S) of latex. R = Reprxxluction factor. 
seed dressing was statistically significant (Tables 1-2). Our results are similar 
with those of Singh et ai, (1980 , 1984) w h o found that the roots o f seedlings 
raised from oil-cake coated seeds contained higher phenol ic contents which was 
attributed for poor nematode multiplication. 
The effect o f the plant latices may be due to direct nematode toxicity of the 
coatings rendering an unfavourable environment around the growing points o r 
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the plants grown from treated seeds acquired some resistanccAolcrancc against 
the nematode. Alam et al, (1977, 1980) found poor multiplication of T. brassi-
cae on cabbage and caulif lower and reduced root-galling caused by Meloidogyne 
incognita on tomato, eggplant and chilli when the seedlings were raised in soil 
treated with oi l-cakes and then transplanted to untreated soil. The present study 
would support that seed dressing with plant latices is inexpensive and pollution-
free and may be useful in developing plant based systemic ncmaticides. 
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Abstract 
Effcct of seed irealment with the lailces of Ca'.otropis giganlea, C procera, F-uphnrbij milii. E 
neriifolia and E. tirucalli on the rool -knol development caused by Meloidogyne incognita and 
plant growth of tomato cv. Pusa Ruby, eggplant cv. Pusa Purple [,ong and okra cv. Pusa 
Sawani was studied. The test cultivars were found highly susceptible to the root-knot nematode 
as there was a marked rcduaion in plant growth. The plant damage caused by the nematode was 
significantly masked by the seed coating with the test latices. 
Introduct ion 
Considerable emphasis has been given on such methods of nematode control which arc 
easy, cheap and pollution free. Use of organic wastes has shown promise in this direction. 
More recently systemic action of plant products against nematodes has been studied by Singh 
et al}-^ In the present study attempt has been made to investigate the possible use of plant 
latices as seed dressing against the root-knot nematode. 
Materials and Methods 
Latices were collected from Calotropis gigantea (L.) R. Br. ex Ait. (Family-
Asclcpiadaceae), C. procera (Ait.) R. Br. (Fam.-Asclepiadaceae), Euphorbia milii Des Moulins 
(Fam.-Euphorbiaceae), E. neriifolia Linn. (Fam.-Euphorbiaceae) and E. lirucalli Linn. (Fam.-
Euphorbiaceae) and were arbiuarily termed as standard (S). Seeds of tomato, Lycopersicon 
esculenium P. Mill cv. Pusa Ruby, eggplant, Solanum melongena Linn. cv. Pusa Purple 
Long and okra, Abelmoschus esculentus Moench. cv. Pusa Sawani were thoroughly mixed 
with different plant latices so as to give a uniform and smooth coating over the seeds. The 
treated seeds were then spread in an enamel tray and allowed to dry in shade before sowing. 
Excepting okra, the treated as well as untreated seeds were then sown in different clay pots 
containing sterilized soil for raising the seedlings. At 3-wk age these seedlings were 
transplanted singly to 15 cm clay pots containing 1 kg sterilized soil. After two days these 
seedlings were inoculated with different inocula of the 2nd stage juveniles of the root-knot 
nematode, Meloidogyne incognita (Kofoid & White) Chitwood. In case of okra, seeds were 
directly sown after treating them with the plant latices as above and the plants were inoculated 
at 3-wk age. There were tlirce replicates for each treatment 
- 3 7 6 -
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After three months the plants were uprcx)ted, washed and their weights and lengths 
determined. The root-knot development/root-gall index, based on visual observations, was 
rated on 0-4 scale. 
Resul ts and Discussion 
Results as presented and summarized in Tables 1-5 clearly indicate that the test varieties 
of tomato, eggplant and okra were highly susceptible to the root-knot nematode. The plant 
length as well as weight was reduced significantly at higher inoculum levels (500 and 5000 
larvae/plant) of the nematode. However, the results were not consistent when the plants were 
inoculated with the lowest level (50 larvae/plant). The susceptibility of plants was also 
evident by considerable root-galling. The root-knot index was found directly correlated with the 
initial inoculum level. Highest root-knot index was found when the plants were inoculated 
with 5000 larvae/plant (Tables 1-5). 
Plant latices, obtained from Calotropis giganiea, C. procera. Euphorbia milii, E. 
ncriifolia and E. tirucalli, when applied as seed dressing significantly improved plant growth 
and suppressed root-knot development at all the inoculum levels of the namatode (Tables 1-
5). The effect was, however, more marked at the highest inoculum level (5000 larvae/plant). 
Similar results have also been reported with respect to seed treatment with different oil-
seed cakes by Singh ei al}-'^ They noticed an increase in the phenolic contents in the roots of 
those plants raised from oil-cake coated seeds. This possibility cannot be ruled out in the 
present case. It appears in the present case that the plants raised from latex treated seeds have 
acquired some resistance/tolerance against the root-knot nematode resulting in its poor 
development . Alam et al?-* have also noticed induction of some resistance/tolerance in 
otherwise susceptible hosts against Meloidogyne incognita and Tylenchorhynchus brassicae, 
when these plants were raised in oil-cake amended soil. Here also the authors have noted an 
increase in the phenolic level of the roots. 
The nema-toxicity of plant latices and the control of nematodes by the application of 
chopped parts of latex bearing plants are well known.^ ' In the present study the effectiveness 
of plant latices as seed ueatment against the root-knot nematode is reported, which opens a 
new field for the control of the root-knot nematode. 
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TABLE 1 
Effect of seed dressing wiih the latex of Calotropis giganlea on the root-knot developmcni caused by Meloidogyne 
incognila and plant grovvth of tomato cv. Pusa Ruby, eggplant cv. Pusa Ihirple Long and Okra cv. Pusa Sawani. 





Length (cm) Weight (g; Rooi-
knot 
Indcji Shoot Root Total Shoot Root Total 
Tomato 0 UN 35.40 13.20 48.60 14.30 22.30 
TR 36.00 15.20 51.20 16.20 9.10 25.30 -
50 UN 34.10 12.40 46.50 15.80 7.60 23.40 0.45 
TR 37.20 14.30 51.50 16.00 8.30 24,30 0.10 
500 UN 30.00 9.20 39.20 9.30 6.00 15.30 1.60 
TR 31.30 11.40 42.70 12.40 7.80 20.20 0.60 
5000 UN 20.30 6.10 26.40 6.00 3.50 9.50 3.50 
TR 22.40 8.30 30.70 7.50 6.70 14.20 2.50 
C.P.fP=0,05) 1.780 1.029 0.467 
C.D.(P= 2.470 1.428 0.665 
Eggplant 0 UN 33.11 15.20 48.31 5.00 2.50 7.50 _ 
TR 34.20 16.10 50.30 5.80 3.00 8.80 -
50 UN 26.30 13.00 39.30 4.50 2.30 6.80 0.10 
TR 24.20 16.30 40.50 5.40 3.10 8.50 0.00 
500 UN 19.60 13.80 33.40 3.90 1.20 5.10 1.20 
TR 21.40 14.60 36.00 4.80 2.00 6.80 1.00 
5000 UN 16.30 8.80 25.10 3.00 0.70 3.70 3.40 
TR 18.10 10.30 28.40 2.90 2.30 5.20 2.40 
C.D.fP= 0.05) 1.707 1.115 0.588 
c.D.n'=o.on 2.370 1.548 0.836 
Okra 0 UN 65.50 17.30 82.80 23.60 12.00 35.60 
TR 71.20 16.20 87.40 24.06 14.20 38.26 _ 
50 UN 63.30 17.10 80.40 19.80 12.00 31.80 0.40 
TR 68.20 14.20 82.40 21.10 13.60 34.70 0.15 
500 UN 47.30 21.10 68.40 15.50 10.00 25.50 1.10 
TR 51.60 24.00 75.60 20.80 11.60 32.40 0.60 
5000 UN 34.00 15.00 49.00 14.00 3.S0 17.80 3.00 
C.P.(P= 
TR 40.60 17.00 57.60 
1.596 
1216 






UN = Unircatcd seeds. TR = Seeds treated with the natural concentration (S) of the latex. 
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TABLE2 
Effect of seed dressing with the latex of Calotropis procera on the root-knol development caused by Ueloidogyne 
incognita and plant growth of tomato cv. Pusa Ruby, Eggplant cv. Pusa Purple Long and Okra cv. I>usa Sawani. 





Length (cm) Weight (g) Root-
knot 
Index Shoot Root Total Shoot Root Total 
Tomalo 0 UN 37.16 14.61 51.77 16.72 8.64 25.36 _ 
TR 36.00 17.50 53.50 19.16 9.50 28.66 -
50 UN 37.05 16,39 53.44 15.85 8.55 24.40 0.50 
TR 40.00 18.16 58.16 18.00 8.83 26.83 0.00 
500 UN 33.01 11.16 44.17 10.50 6.50 17.00 1.61 
TR 34.00 14.16 48.16 14.00 8.16 22.16 0.70 
5000 UN 24.72 7.00 31.72 6.61 3.41 10.02 3.83 
TR 26.00 5.83 31.83 8.83 6.83 15.66 i 5 0 
C.D.(P=0.05) 1.878 1.867 0.748 
C.D.(P=0.01) 2.608 2.592 1.0S9 
Eggplant 0 UN 30.17 14.55 44.72 5.50 3.00 8.50 _ 
TR 30.33 17.67 48.00 7.00 4.50 11.50 -
50 UN 28.61 13.79 42.40 4.72 3.55 8.27 0.10 
TR 26.00 17.00 43.00 5.33 3.73 9.06 0.00 
500 UN 20.27 12.00 32.27 3.95 1.95 5.90 1.25 
TR 22.83 11.50 34.33 4.83 2.50 7.33 1,10 
5000 UN 15.11 10.60 25.71 3.05 1.61 4.66 3.50 
TR 19.00 10.70 29.70 i 8 3 2.25 5.08 2-50 
C.D.(P=0.05) 1.415 0.829 0.052 
C.D.(P=0.01) 1.964 1.151 0.076 
Okia 0 UN 69.00 18.26 87.26 23.00 14.00 37.00 _ 
TR 73.50 19.50 93.00 24.13 15.00 39.13 -
50 UN 65.16 19.17 84.33 21.00 1Z50 3 3 i 0 0.30 
TR 70.50 15.00 85.50 23.00 14.00 37.00 0.16 
500 UN 51.00 23.16 74.16 17.00 10.16 27.16 1.00 
TR 55.00 25.40 80.40 21.00 12.00 33.00 0.70 
5000 UN 38.16 17.00 55.16 15.00 4.00 19.00 3.25 









UN = Untreated seeds. TR = Seeds treated with the natural concentration (S) of the latex. 
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TABLES 
Effea of seed dressing with the latex of Euphorbia mUii on the roa-knot development caused by Meloidogym 
incognita and plant growth of tomato cv. Pusa Ruby, eggplant cv. Pusa Puiple long and Okra cv. Puia Sawani 





Length (cm) Weight (g) Root-
knoi 
Index Shoot Root Total Shoot Root Totfl 
Tomato 0 UN 35.40 13.20 48.60 14.30 8.00 22.30 _ 
TR 36.60 15.40 52.00 17.70 5.30 23.00 -
50 UN 34.10 12.40 46.50 15.80 7.60 23.40 0.45 
TR 35.30 14.50 49.80 16.30 8.40 24.70 0.10 
500 UN 30.00 9.20 39.20 9.30 6.00 15.30 1.60 
TR 31.00 11.80 42.80 1150 7.90 20.40 0.50 
5000 UN 20.30 6.10 26.40 6.00 3,50 9.50 3.50 
TR 22.70 8.40 31.10 7.60 6.90 14.50 140 
C.D.(P=0.05) 1.904 1.666 0.407 
C.D.(P=0.01) 2.643 2.313 0.579 
Eggplant 0 UN 33.11 15.20 4«.31 5.00 X50 ISO _ 
TR 34.60 16.70 51.30 6.90 4.30 11.20 
50 UN 26.30 13.00 39.30 4.50 Z30 6.80 0.10 
TR 24.90 16.50 41.40 5.50 3.40 8.90 0.00 
500 UN 19.60 13.80 33.40 3.90 1.20 5.10 1.20 
TR 21.90 14.00 35.90 5.00 160 7.60 0.90 
5000 UN 16.30 8.80 25.10 3.00 0.70 3.70 3.40 
TR 17.60 9.40 27.00 2.40 120 4.60 130 
C.D.(P=0.05) 1.982 1.467 0.392 
C.D.(P=0.0I) 2.751 2.036 0.557 
Okra 0 UN 65.50 17.30 82.80 23.60 1100 35.60 
TR 70.30 15.00 85.30 21.50 14.30 35.80 _ 
50 UN 63.30 17.10 80.40 19.80 1100 31.80 0.40 
TR 68.40 14.30 82.70 21.00 13.90 34.90 0.10 
500 UN 47.30 21.10 68.40 15.50 10.00 25 JO l.IO 
TR 51.30 24.80 76.10 16.20 11.70 27.90 0.50 
5000 UN 34.00 15.00 49.00 14.00 3.80 17.80 3.00 
TR 40.70 17.60 58.30 17.30 5.80 23.10 1 5 0 
CD.(P=0.05) 2.140 1.567 0345 
CD.(P=0.01) 2.971 1176 0.491 
UN = Untreated seeds, TR = Seeds treated with the natural oonoentntioa (S) of the latex. 
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TABLE4 
Effcct of seed dressing with the latex of Eup/wrbia neriifolia on the root-knot development caused by Meloidogyne 
incognita and plant growth of tomato cv. Pusa Ruby, eggplant cv. Pusa Purple long and Okra cv. Pusa Sawani 





Length (cm) Weight (g) Root-
knot 
Index Shoot Root Total Shoot Root Tola] 
Tomato 0 UN 37.16 14.61 51.77 16.72 8.64 25.36 
TR 39.33 14.39 53.72 19.22 6.77 25.99 _ 
50 UN 37.05 16.39 53.44 15.85 8.55 24.40 0.50 
TR 40.22 16.03 56.25 17.23 10.50 27.73 0.00 
500 UN 33.01 11.16 44.17 10.50 6.50 17.00 1.61 
TR 35.52 13.22 48.74 1X50 7.77 20.27 1.00 
5000 UN 24.72 7.00 31.72 6.61 3.41 10.02 3.83 
TR 27.17 8.36 35.53 8.61 5.39 14.00 133 
C.D.(P=0.05) 1.710 1.719 0.297 
C.D.(P=0.01) 2.373 2.386 0.433 
Eggplant 0 UN 30.17 14.55 44.72 5.50 3.00 8.50 _ 
TR 30.38 17.50 47.88 5.12 4.07 9.19 -
50 UN 28.61 13.79 42.40 4.72 3.55 8.27 0.10 
TR 29.77 16.56 46.33 5.55 3.36 8.91 0.00 
500 UN 20.27 12.00 32.27 3.95 1.95 5.90 1.25 
TR 21.61 13.50 35.11 5.50 166 8.16 1.00 
5000 UN 15.11 10.60 25.71 3.05 1.61 4.66 3.50 
TR 21.22 11.50 32.72 4.00 150 6.50 100 
C.D.(P=0.05) 1.503 0.752 0.019 
C.D.(P=0.01) 2.085 1.044 0.029 
Okra 0 UN 72.00 17.83 89.83 23.82 11.26 34.08 _ 
TR 69.28 29.32 98.60 2143 13.00 35.43 -
50 UN 6Z76 18.20 80.96 20.43 11.00 31.43 0.25 
TR 66.40 19.16 85.56 21.24 12.00 33.24 0.00 
500 UN 49.17 21.33 70.50 15.44 1100 27.44 0.75 
TR 53.47 23.28 76.75 19.28 13.00 32.28 0.50 
5000 UN 39.16 19.00 58.16 13,41 3.00 16.41 3.08 
TR 42.83 21.00 63.83 16.23 4.17 20.40 110 
C.D.(P=0.05) 2.454 3.826 0.087 
C.D.(P=0.01) 3.406 5.319 0.121 
UN = Untreated seeds, TR = Seeds treated with the natural concentration (S) of the latex. 
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TABLES 
nffcct of seed dressing with the latex of Euphorbia tirucalli on the root-knot development caused by Metoidogyne 
incognita and plant growth of tomato cv. Pusa Ruby, eggplant cv. Pusa Purple long and Okr» cv. Puta Sawani. 





Length (cm) Weight (g) Root-
knol 
Index Shoot Root Total Shoot Root Total 
Tomato 0 UN 37.16 14.61 51.77 16.72 8.64 25.36 _ 
TR 40.89 14.77 55.66 20.66 8.58 29.24 -
50 UN 37.05 16.39 53.44 15.85 8.55 24.40 0.50 
TR 39.16 15.00 54.16 17.50 8.58 26.08 0.00 
500 UN 33.01 11.16 44.17 10.50 6.50 17.00 1.61 
TR 33.01 10.50 43.51 1161 7.50 20.11 1.00 
5000 UN 24.72 7.00 31.72 6.61 3.41 10.02 :.83 
TR 26.55 7.50 34.05 8.73 3.50 12.23 3.00 
C.D.(P=0 .05) 1.865 1.448 0.239 
C.D.(P=0.01) 2.589 2.010 0.348 
Eggplant 0 UN 30.17 14.55 44.72 5.50 3.00 8.50 _ 
TR 30.00 16.22 46.22 6.55 3.60 10.15 -
50 UN 28.61 13.79 42.40 4.72 3.55 8.27 0.10 
TR 27.55 12.79 40.34 5.22 2.72 7.94 0.00 
500 UTM 20.27 12.00 32.27 3.95 1.95 5.90 1.25 
TR 20.59 10.11 30.70 3.51 X65 6.16 0.90 
5000 UN 15.11 10.60 25.71 3.05 1.61 4.66 3.50 
TR 18.12 10.48 28.60 2.29 195 574 X63 
C.D.(P=0.05) 1.647 1.797 0.057 
C.D.(P=0.01) 2.288 2.494 0.0S3 
Okra 0 UN 67.50 17.16 84.66 23.16 13.17 36.33 _ 
TR 72.00 18.83 90.83 24.20 15.16 39.36 _ 
50 UN 66.50 15.00 81.50 20.00 12.00 32.00 0.25 
TR 70.43 17.00 87.43 2X20 13.00 35.20 0.10 
500 UN 52.64 23.00 75.64 20.33 11.00 3133 0.75 
TO 54.33 23.87 78.20 22.66 12.17 34.83 0.60 
5000 UN 40.33 17.70 58.03 14.74 2.95 17.69 3.00 
TO 42.44 19.83 62:27 15.30 3.33 18.63 2.50 
C.D.(P=0.05) 3.116 2.071 0.804 
C.D.(P=0.0]) 4,323 2.874 1.144 
UN = Untreated seeds. TR = Seeds treated with the natural coocentration (S) of the latex. 
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CONTROLOF PLANT-PARASITIC NEMATODES BY SOIL AMENDMENTS 
WITH LATEX BEARING PLANTS 
M A N S O O R A SIDDIQUI. A K r i T A R HASEEB" A N D M. M A S H K O O R ALAM 
DeL>-i:t:Tit2ril Bonny, 
A b s t r a c t ; Son arTiCr.dir.cr :? wiihchopLN^Ish: of f o i n c I-jTck pl.ints, vi; , C a n c i : 
Anocarpu^hfilz^rophvi.us. ficu^carico, r F ^lofTieruIa. Iponioc'ii/t^iulosa. Nc'riur;;.xior-w/ 
and Tabernaemcntanj coror,aria were in rstlucmgth'! popuia : :on5of HopJolaimiif irvj:-w. 
Helicotylenchusindicus, Rolijk-:chulur-renifortr.is. 
infecting t o m a t o a ndsggp la r i l CroppHedf h o c t s o f e ' a s n c a gave hiqtics: roctijction ot phy to r i t n lo:-.':.:--
in bothi the p ian ts . T h e plan: gro-uth ot t o r r a l o >ind eggp ian : u-a^ oiso increased as a le'iult ' J 
appl ica t ion of t h e s e additives, ^ 'onest be ing u iams t r ea t ed with chopp-.-d s t ioo: ; ol F : :r„; 
F ela<;tic3 respect iveiy 
K e y w o r d s ; O r g a n i c a n c i i d m e n t s . l a t e \ b e a r i n g p l a n t s , t o m a t o . e y g p l a i \ t . p ! a i i t - ; ) a r a s i t i c 
n € i n a t < x i e s . c o n t r o l . 
Chemicals coniriioniy us^dtor co:r.rv)l 
ling plant-parasitic nematod-as are niostly 
haza rdousand sources of pollution. Organic 
a m e n d m e n t s , on the o the r hand, are appar-
ently safe in this respect , and moreover they 
have been found effective in managing plant-
parasitic nematodes (Muller & Gooch. 1982) 
in t h e present study, an attempt has been 
m a d e to evaluate the feasibility of use of plant 
was tes of latex bearing plants for n e m a t o d e 
control 
MATERIALS AND METHODS 
Clay pots (15 cm-diameter), filled vwth 
1 kg soil naturally infested with Hoplolaimus 
indicus, Helicoi^'lenchus indicus, 
Rotylenchulusreniformis, Ti^lenchorh\y'nchus 
brassicae and Tvlenchus fiiiformis, w-ere 
mixed separately with 100 g chopped shoots 
of Carica papaya, Anocarpus heterophyllus. 
Reus carica, F e lost ica, F glomerata, 
Ipomoea fistulosa, Nerium odorum and 
Tabernaemontana coronaria The pots were 
immediately watered af ter the t reatment for 
ensur ing proper decomposi t ion of the or-
• P r c s e n t address : C e n t r a l l.',3tirute of Medicinal & Aro.-na 
iCIMAP-CSIR) , P. O . - R 5 M . Na^or . L u c k n o i ^ - 2 2 6 0 
>janic additives There were si.x refMicates tor 
each t ieatment Untreated pots seived as 
control Af t e r a waiting periodof two weeks, 
three-week-old seedlings of tomato cv.Pusa 
Ruby and eggplant cv. Pusa Purple Long 
were transplanted singly to each pot After 
two months the plants were carefully up-
rooted. washed, and blotted in order to 
remove extra water and observations on the 
plant growth (plant weight of shoot and root) 
were determined Soil populat ion o! nema-
todes was determined prior to treatment and 
after terminating the exper iment by using 
C o b b ' s sieving and decan t i ng n ie t f iod 
alongwith modified Baermann 's funnel tech-
nique (Southey. 1986) 
RESULTS AND DISCUSSION 
The data show that all the t rea tments 
wi thchopped shoots significantly suppressed 
the final population of plant-parasitic nema-
todes when compared to untreated control 
(Tables 1&.2) This might be due to the 
accumulated toxicity of latex bearing chopped 
shoots These results are in accordance with 
ic Plants 
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MANSOOR A. SIDOIQUI. 
H a s ^ e b et al ( 1 9 8 4 ) a n d Zurreen &: K h a n 
( 1 9 S 4 ) 
T h e eff icacy of d i f f e r en : a m e n d m e n t s , 
in t o m a t o , c an b e a r r a n g e d in the fo l lowing 
d e s c e n d i n g o rde r : Ficus elasttca > F. carica 
> Anocarpus heteroph\,'l / us > Ficus g f o n '.erata 
> Carica papava > f^erium odorum > 
T L i b e r n a e m o n i a n a coronaria > Ipomoea 
fis:uk)sa (Table 1). and in eggplant, the 
sequence vvns Ficus e/asfica > F carica >F 
gioniera'.a > Anocarpus he:erophvllus > 
Concapofxiiv > Tar>ernaernontar)acoror'jria 
> Ipnmoea (isiulosa > Nenurv (idoniri) 'Arable 
21 
Fur the r , a p p l i c a t i o n c i t h e s e o r g a n i c 
add i t ives resul ted in increase in s h o o t a n d 
r o o t we igh t s with m a x i m u m being in t o m a t o 
p l an t s with Ficus glornerato a n d in brinial 
p l an t s with F e ' /asfica (Tables 1 , ^ n i f i -
c an t improvemet i t in plant g r o w t h c ^ i Ix" 
par t ly (i'lo to manura l e f fec t of r f i o p i x i d 
s h o o t s w h e n a m e n d e d in the soil 
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Co'.Tr.~!i-l pl.iiit i.iMMtic iiciii,ilo.lv.'swi;hciop|w; 
pij'-; Imlii,;.! I'lam P.ithol 2 : iSO-lSl 
Miiller. K. & Givoch. J* . S . 0 'JSi i Oiqor.ic^nioiv; 
n>" in ncmoi-y;-. .onitoi .in *'K.)rr.in-:):ior, o' 
tr '.uuro. Ne",-irropirn 12 : • 
Soiithey. J . F . (1 9S0) l.ntionilo'v jor u or. 
piont and SOI' Mir, .-Xqr. F'sii 
Fcx>2 , HMSO. U 'don 
Zurreen. S.&: Khan. M. I. (19S4).N«;i;ij'jc,d^ioiUu;<. 
in some plont btic.?-. f'ak ./ Ne-ninir,! 9-M~7 
-387-
350 b V 
lournal of Eco-frifndly Agnculture 1(2): 192-193 ; 2006 
SHORT COMMUNICATION 
Use of latex bearing plants to manage the nematodes 
attacking tomato and eggplant 
Mansoor ASiddiqui 
Department of Botany, Aligarh Muslim University, Aligarh-lOl 002 India 
Key words: Latex producing plants, organic soi] amendments, nematodes 
Latex bearing plants constitute an economically 
important group as they have great potential in the field of 
medicine, land scapping, industries etc. Besides they could 
also be used in management of plant parasitic nematodes 
(Siddiqui and Alam, 1990). In the present study an attempt 
has been made to evaluate the nema ticidal acKvity of some 
wild and cultivated latex bearing plants. 
Natura l ly i n f e s t e d f ie ld so i l (1kg) harbouring 
Hoplolaimus indicus Sher, Helicotylenchus indicus Siddiqui, 
RotyletichulusrenifomiisUrdocd Si:0\ivciia,Ty!enchorhynchus 
brassicae Siddiqui and Tylenchus ftli/ormis Butschli w a s 
placed in 15 cm diameter clay pots. Nematode population in 
the soil was determined by appropriate method (Southey, 
1986). Same composition of autoclaved soil was filled in 
another set of pots for evaluating the effect of different 
treatment in the absence of nematodes. Chopped shoots 
(lOOg) of Euphorbia neriifolia L. E. tirucalli, L Pedilanthus 
tithymaloides Poit., Calotropis procera (Ait) R. Br„ Thevetia 
peruviana (Pers.). Schum and Nerium indicum Mill were 
incorporated in pots and watered regularly for ensuring 
proper decomposition. There were three replicates for each 
treatment inc lud ing the control (untreated pots) . 
Subsquently, after two weeks of decomposition period, three-
week-old seedlings of tomato, Lycopersicon esculattum P. Mill.; 
cv. "Pusa R u b / and eggplant, Solanum melongena L; cv. 'Pusa 
Purple Long' grown in sterilised soil, were trasnplanted 
singly in each of these pots. Experimemts were terminated 
after two month.s and nematode population was determined. 
Data were statistically analysed for computing critical 
difference (Sukhatme and Amble, 1978). 
All the nematode species viz., Hoplolaimus indicus, 
Tylenchorhynchus brassicae, Helicctylenchus indicus, 
Rotylenchulus reni/ormis and Tylenchusfilifonnis maintained 
on tomato and eggplant in control pots multiplied freely. 
Tylenchorhynchus brassicae and Rotylenchulus renifbrmis were 
predominant. The incorporation of chopped shoots to 
sterilised soil and naturally infested soil increased the plant 
growth of tomato and eggplant (Tables 1,2). 
The plant weight of tomato increased from 43.16 g in 
untreated control to 79.33, 6250, 59.66, 58.50, 58.16 and 
48.66 g, respectively, where chopped shoots of Euphorbia 
Table 1. Effect of organic soil amendments with chopped shoots of some latex bearing plants on the soil population of plant 





Nematode population (kg-' soil) 
soil infested Soil Hop Hel Rot Trh Tyl Total 
Untreated 43.16 36.00 500 353 6600 1317 510 9280 
Calotropis procera 62.50 55.83 352 433 3405 407 468 5065 
Euphorbia neriifolia 58.16 55.00 100 201 3127 305 250 3983 
Euphorbia tirucalli 79.33 75.66 156 202 3902 377 251 4888 
Pedilanthus tithymaloides 58.50 56.00 154 235 4163 513 275 5340 
Nerium indicum 48.66 3950 181 197 5452 405 193 6508 
Thevetia peruviana 59.66 51,16 203 203 5003 467 317 6193 
Initial population 330 197 5501 802 200 7030 
p = 0.05 4.95 2.63 115.45 
p = 0.01 6.94 3.69 161.87 
Hop=Hoplolaimus indicus, Hcl 
Tulsl . ToUl Tylcnchida 
Hilicotytendchus indicus, Rot «• RalyUnchulus rcniformis, Trt* • TyUnchohyncliui braiucae, Tyl - Tytcndius JiUformis, 
02005 
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Use of plant latex to manage the nematodes attacking tomato and eggplant 
Table 2. Effect of organic soil amendments with chopped shoots of some latex-bearing plants on the soQ population of plant 
parastic nematodes and plant growth of eggplant cv. 'Pusa Purple Long' 
Treatments 
(Chopped shoots) 
Weight (g) Nematode population kgf' soil 
Autocalved Naturally 
soil infested soil 
Total Total Hop Hel Rot Trh Tyl Total 
Untreated 17.16 8.66 467 313 6500 1350 540 9170 
Calotropis procera 30.00 27.83 182 300 3703 335 270 4790 
Enphorbia neriifolia 34.33 29.66 100 152 2751 300 200 3503 
Euphorbia tirucalli 33.25 19.20 150 278 3170 302 250 4150 
Pedilanthus tithymaloides 26.50 18.45 201 348 3997 360 273 5180 
Nerium indicum 20.50 19.50 242 407 4903 360 303 6215 
Thevetia peruviana 24,33 20.25 237 408 4098 360 942 5410 
Initial population 330 197 5501 802 200 7030 
p = 0.05 8.63 3.57 104.93 
p = 0.01 12,10 4.99 155.15 
Each value in an average of three replicates 
Hop = Hoplolaimus indicus, Hel = Helicotylenchu indicus, Rot = Rotylenchulus rmiformis, Trh = Tylenchorkynchus brassiat, Tyl 
Total = Tylenchids 
: Tylenchus filiformis. 
tirucalli, Calotropis procera, Thevetia peruviana, Pedilanthus 
tithymaloides, Euphorbia neriijblia and Nerium indicum were 
incorporated to the sterilised soil. The corresonding figures 
for nahirally infested soil were 36.00 g, 75,66,55.83,51.16, 
56.00,55.00 and 39.50 g, respectively. In naturally infested 
soil, the population of Hoplolaimus indicus kg"' of soil in 
untreated sets and t h o s e treated w i t h Calotropis 
procera,Euphorbia neriifolia, £ tirucalli, Pedilanthus 
tithymaloides, Neriium indicum and Thevetia peruviana was 
500,352,100,156,154,181 and 203, respectively, as against 
330 of initial level . T h e c o r r e s p o n d i n g f igures for 
Helicotylenchus indicus R. renijormis. and T. brassicae, were 
353, 433 201, 202, 235, 197, 203; 6600, 3405, 3127, 3902, 
4163, 5452, 5003, and 1317, 407, 305, 377, 513, 405 and 467 
and 802 of initial level. In case of eggplant also more or less 
similar trend was observed but the improvement in plant 
growth and reduction in nematode population due to 
different additives was more pronounced. (Table 2) 
The chopped shoots of all the latex bearing plants 
tested, significanlty suppressed the population of plant 
parasitic nematodes. N u m e r o u s reports of nematicidal 
chemicals in decomposing residues of plants have been 
reported earlier (Lovett and Ryiintyu, 1992; Blum, 1996. 
Halbrendt, 1996) Most of the alkaloids have a deleterious 
effect on the nervous system of animals (Bray, 1983). Also 
the liklihood of repulsive nature of alkaloids bearing latex 
or its poisonous effect on nematode cannot be ruled out. 
This method of nematode management has an edge 
over the use of nematicidal chemicals because it is less 
expensive and non-hazardous also. It improves the soil 
composition along with fertility. It can also be helpful for the 
developement of a new range of botanical nematicide. 
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Short Communication 
Utilization of Marigold Plant Wastes for the Control of 
Plant Parasitic Nematodes* 
I N T R O D U C T I O N 
M a r i g o l d s (Tageles spp.) a r e m a i n l y g r o w n fo r their flowers. S o m e recent 
s t u d i e s have shown that they a r e well su i ted to v a r i o u s c r o p p i n g s e q u e n c e s 
( A l a m e/ al., 1977a, 1981) b e c a u s e the i r cu l t i va t i on s ign i f ican t ly s u p p r e s s e s 
t h e p o p u l a t i o n b u i l d - u p of n o x i o u s n e m a t o d e s ( O o s t e n b r i n k , 1960; 
H a c k n e y & D i c k e r s o n , 1975; A l a m el al., \9llh). But it is a c o m m o n p rac t i ce 
t h a t a f t e r f lower ha rves t , the p l a n t r e s idues a re d i s c a r d e d . T h e p r e s e n t 
i n v e s t i g a t i o n w a s t h e r e f o r e u n d e r t a k e n t o eva lua t e t h e poss ib i l i ty of 
u t i l i z a t i on of t hese p l a n t r e s idues a g a i n s t p l a n t pa ras i t i c n e m a t o d e s . 
M E T H O D S 
C l a y p o t s (15 cm) filled wi th 1 kg of a u t o c l a v e d soil were s e p a r a t e l y t r ea t ed 
a n d well mixed wi th 100 g c h o p p e d g reen s h o o t p a r t s ( f lower , leaf, s t em) of 
t h r e e species of Taf^cics—T. lucida Cav . , T. numita L. a n d T. teniiifolia Cav . 
U n t r e a t e d p o t s served as c o n t r o l . T h e r e were th ree rep l ica tes of each 
t r e a t m e n t i n c l u d i n g the c o n t r o l u n t r e a t e d pots . T h e p o t s were w a t e r e d 
i m m e d i a t e l y a f t e r the t r e a t m e n t . T h r e e - w e e k - o l d seed l ings of t o m a t o 
{Lycopcrsicon lycopersicwu (L.) K a r s t e n ) c \ . T u s a Ruby", eggp lan t (Solanwn 
melongena L.) cv. ' P u s a P u r p l e L o n g ' , c a b b a g e (Brassica oleracea capitata L.) 
cv. ' P r i d e of [nd ia ' a n d c a u l i f l o w e r {B. oleracea boirytis L.) cv. ' M a g h i ' were 
t r a n s p l a n t e d singly to e a c h p o t a f t e r a w a i t i n g p e r i o d of o n e week . T h e 
p l a n t s were i n o c u l a t e d wi th 5000 f re sh ly h a t c h e d , s e c o n d s tage , j uven i l e s of 
* Th i s p a p e r f o r m e d par i of P h D thesis of ihe senior au tho r . 
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22X Mansoar A. Siddiqui. M. Maslikimr . tiaiii 
t he r o o t - k n o t n e m a t o d e , Mdoidoi^ync incoi^niia (Koloic l & W h i t e ) 
C h i t w o o d o r f r e sh ly i so la ted s p e c i m e n s o f t he r e n i f o r m n e m a t o d e . 
Rofylenchuhis renifornus L i n f o r d & Ol ive i ra a n d the s tun t n e m a t o d e . 
Tylencliorhynchus hrassicue S idd iq i . 
A f t e r t h ree m o n t h s the p l a n t s were u p r o o t e d , w a s h e d a n d the p lan t 
g r o w t h ( f resh weight o f s h o o t a n d r o o t ) d e t e r m i n e d . In the case of 
incognita i nocu la t ed p l a n t s the r o o t - k n o t index r oot-i ial l index, based on 
visual o b s e r v a t i o n s , was r a t ed o n a 0 - 4 scale. T h e final p o p u l a t i o n s of R. 
renifornus a n d T. brassicae were d e t e r m i n e d by us ing C o b b ' s sieving a n d 
d e c a n t i n g m e t h o d a l o n g wi th a m o d i f i e d B a e r m a n n f u n n e l t e c h n i q u e 
( S o u t h e y , 1970). T h e r e p r o d u c t i o n f a c t o r (7?) o f these n e m a t o d e s was 
c a l c u l a t e d by d iv id ing the final p o p u l a t i o n wi th the init ial p o p u l a t i o n i I'. l \ \ 
as sugges ted by O o s t e n b r i n k (1966). 
R E S U L T S A N D D I S C U S S I O N 
Resu l t s p r e s e n t e d in T a b l e s 1 - 3 i n d i c a t e t h a t all t he th ree test species of 
n e m a t o d e s were h ighly p a t h o g e n i c o n the i r respec t ive h o s t s as the \ 
mu l t i p l i ed freely o n c o n t r o l p l a n t s . 
W h e n the c h o p p e d leaves, flowers a n d s t ems of Tagetes iucida. T. miniUit 
a n d T. leniiifolia we re i n c o r p o r a t e d i n t o the soil, t he re was a s ignif icant 
r e d u c t i o n in the r o o t - k n o t d e v e l o p m e n t c a u s e d by Meloidogync inco^mui 
( T a b l e I) a n d t h e p o p u l a t i o n b u i l d - u p of t h e r e n i f o r m n e m a t o d e . 
Rolylenclndus reniformis on t o m a t o a n d e g g p l a n t ( T a b l e 2) a n d tha ; of the 
s t u n t n e m a t o d e , Tylenchorhynchus brassicae o n c a b b a g e a n d c a u ! i : l o u e r 
( T a b l e 3). T h u s , the p l an t was t e s o f m a r i g o l d s s h o w e d a b r o a d spec t run i 
eff icacy because these n e m a t o d e spec ies r e p r e s e n t t h r e e d i f ferent ca t egor i e s 
of m o d e of f eed ing . T h e r o o t - k n o t n e m a t o d e . M. incogniui. ;s ar: 
e n d o p a r a s i t e , the r e n i f o r m n e m a t o d e , R. reniformis, is a s e m i - e n d o p a r a s i t c . 
whi le t h e s t u n t n e m a t o d e . T. brassicae, is a n e c t o p a r a s i t e . In a s imilar s t u d \ . 
s ign i f ican t r e d u c t i o n in the d e v e l o p m e n t of i n d i v i d u a l s a n d p o p u l a t i o n 
b u i l d - u p of M. luipla h a s been o b s e r v e d by t h e a d d i t i o n of va r i ous p l a n t 
p a r t s o f m a r i g o l d s t o soil ( Y u h a r a , 1971). 
A m o n g the d i f fe ren t p l a n t p a r t s , soil a m e n d m e n t wi th f loral p a r t s of 
Tagetes s pp . gave g rea t e s t i n h i b i t i o n t o t h e r o o t - k n o t d e v e l o p m e n t a n d the 
p o p u l a t i o n b u i l d - u p of R. reniformis a n d T. brassicae f o l l owed by leaf a n d 
s t e m a m e n d m e n t s . C r o p w i s e , it w a s n o t e d t h a t t h e s u p p r e s s a n t effect of 
dilTerent t r e a t m e n t s o n M. incognita a n d R. reniformis w a s g rea t e r o n 
e g g p l a n t t h a n o n t o m a t o ( T a b l e s 1, 2). In the c a s e of T. brassicae, c a b b a g e 
r e s p o n d e d to d i f fe ren t t r e a t m e n t s b e t t e r t h a n c a u l i f l o w e r ( T a b l e 3). 
T h e p l a n t s g r o w n in a m e n d e d soil s h o w e d s ign i f ican t i m p r o v e m e n t in 
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g r o w t h . Th i s m a y pa r t l y be d u e to the r e d u c t i o n in the p o p u l a t i o n of p l an t 
p a r a s i t i c n e m a t o d e s a n d p a r t l y to the fac t t h a t these a d d i t i v e s a lso se rved as 
o r g a n i c m a n u r e s , as s h o w n by the c o n s i d e r a b l e inc rease in p lan t w e i g h t s in 
u n i n o c u l a t e d p o t s wi th m a r i g o l d s a d d e d . 
O u r resul ts h a v e c lear ly p r o v e d the su i tab i l i ty o f m a r i g o l d p lan t w a s t e s fo r 
use a g a i n s t a var ie ty of n e m a t o d e s species wi th di f ferent f eed ing b e h a v i o u r s . 
If t h e c o m m e r c i a l cu l t i va t i on o f m a r i g o l d s is fo l lowed by i n c o r p o r a t i o n of 
h a r v e s t e d p l a n t s t o the soil, t h e r e w o u l d be f u r t h e r s t ress o n p lan t pa r a s i t i c 
n e m a t o d e s a n d increased fer t i l izat ion of the soil, which w o u l d lead to a m u c h 
b e t t e r s t a n d of the f o l l o w i n g c r o p . T h u s , the presen t f i nd ings wou ld g o a long 
w a y in evo lv ing su i t ab le i n t e g r a t e d n e m a t o d e m a n a g e m e n t s t ra tegies . 
R E F E R E N C E S 
Alam, M. M., Sa.xena, S. K. & Khan, A. M. (I977rt). Influence of diflereni cropping 
sequences on soil populat ions of plant parasitic nematodes. Ncinaiol. nicclii., 5. 
65-72. 
Alam, M. M., Saxena, S. K. & Khan, A. M. (\911b). Influence of interculture of 
marigold and margosa with some vegetable crops on plant growth and 
nematode population. Acta Bot. Indica, 5, 33-9. 
Alam, M. M., Saxena, S. K. & Khan , A. M.(1981). Soil populat ion of plant parasitic 
nematodes under various cropping sequences. Nematol. medit.. 9, 49-56. 
Hackney , R. W. & Dickerson, O. J. (1975). Marigold, castor bean, and 
c h r v s a n t h e m u m a s c o n t r o l s o f Meloidogyne incognita a n d Pratrlenchns alleni. 
J. NcmatoL. 7, 84-90. 
Oostenbr ink, M.(1960). Populat ion dynamics in relation to cropping, manuring and 
soil disinfection. In; Nematology (Sasser, J. N. & Jenkins, \V. R. (Eds)), Univ. 
Nor th Carolina Press, Chapel Hill, 439-42. 
Oostenbr ink, M. (1966). Major characteristics of the relation between nematodes 
a n d p l a n t s . Xfcdcd Landh-Hogescb. IVageningen, 66(4), 3 - 4 6 . 
S o u t h e y , J. F . (1970) . Lahoratorv methods for work \\ ith plant and .soil nematodes. 
Tech. Bull. No. 2, Min. Agr. Fish. Food, H M S O . London, 148. 
Yuhara , I. (1971). Effect of soil application of chopped plant material of Crotalaria 
o r m a r i g o l d o n Meloidogyne hapla popuVdUon. Ann. Reptr. Soc. PI. Prot.. 22, 62. 
Mansoor A. Siddiqui & 
M . M a s h k o o r Alam 
Department of Botany, 
Aligarli Muslim University, 
Aligarli-202 002, 
India 
(Rcccived 7 July 1986; revised version received 10 N o v e m b e r 1986: 
acccpicd 13 N o v e m b e r 1986) 
- 4 3 3 -
361 
o 3 
P<ik. J. Nematol.. 6(2): 55—63, 1988. 
C O N T R O L O F P L A N T - P A R A S I T I C N E M A T O D E S B Y S O I L A M E N D -
M E N T W I T H M A R I G O L D P L A N T W A S T E S 
MANSOOR A. SIDDIQUI AND M. MASHKOOR ALAM 
Department of Botany, 
Aligarh Muslim University, Aligarh-202002, India. 
Abstract 
Soil applicalion of plant wastes of Tageles lucida, T. minula and T. lenuifotia rcsulied in significant re-
duction in Ihc populations of Rotylenchulus reniformis, Tyltnchorhynchus brassicae, Iloplolaimus indicus, 
Heiicotylenchus indicus and TyUnchus fJiformis on tomato and eggplant w-ith a corresponding increase in 
plant growth. This tjpe of control of phytonematodes was considered economical, easy arxl pollution free. 
It has been shown that marigolds (Tagetes spp.), when grown alone or 
a longwith nematode-susceptible crops may. suppress the population build up of 
plant parasitic nematodes (Gostenbrink, 1960; Daulton & Curtis, 1963; Hackney 
& Dickerson, 1975; M a m et al, 1977a). Wallace (1963) suggested that the ef-
f ec t o f Tagetes o n nematodes is by the release of the nematicidal chemicals from 
the roots. The nematicidal nature o f root exudates o f Tagetes erecta has been 
demonstrated b y A l a m et al, (1975) . It is possible that incorporation of marigold 
plant residues into a field fo l lowing harvest may provide an efficient means of 
util ization of the crop residue and contribute significantly to decreases in popula-
t ions of plant-parasitic nematodes for the next crop to be grown in the field. This 
s tudy v/as to evaluate the feasibility o f use o f marigold wastes against s o m e im-
portant plant parasitic nematodes. 
Mater ia l s a n d m e t h o d s 
Field soi l (1 kg) naturally infested wi th Hoplolaimus indicus Sher, Heiicoty-
lenchus indicus Siddiqi , Rotylenchulus reniformis L inford & Oliveira. Ty-
lenchorhynchus brassicae Siddiqi and Tylenchus filiformis Butschli was placed 
in 15 cm diam., c lay pots. The number o f nematodes o f e a c h species was deter-
mined by extraction o f a subsample o f the soi l using C o b b ' s decanting and siev-
ing method f o l l o w e d by a modif ied Baerman funnel technique (Southey. 1986). 
S o i l o f the same composi t ion was also autoclaved and fi l led in similar pots for 
eva luat ing the e f f e c t o f different treatments in the absence of nematodes . 
Chopped f lowers , leaves or stems ( 1 0 0 g fresh wt) o f either Tagetes lucida Cav., 
T. minuta L., or T. tenuifolia Cav., were mixed thoroughly into the soi l in each 
-399 -
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pot. All pot5 which had been amended wiih ihc plant parts as well as pots con-
taining the field soil without amendments which served as controls were watered 
daily for one week to hasten decomposition of tlie org;inic material. Three week 
old seedlings of tomato {Lycopersicon esculcntum P. Mill.) cv., Pusa Ruby or 
eggplant (Solanum melongena L.) cv., Pusa Purple Long which had been grown 
\n auloclaved soil were ihen iransplanlcd singly imo cach pol. The pols were ar-
ranged in a randomized manner on a glass house bcnch. 
The tomato and eggplant seedlings were allowed to grow for 2 months in the 
pots. Each plant was then'removed from the pot, the roots were washed and the 
weight of each root and shoot was recorded. Nematodes in each pot were ex-
tracted by a combination of Cobb's decanting and sieving method and a modi-
fied Baermann funnel technique (Southey, 1986) and counted. Reproduction fac-
tors (R) of each nematode species were calculated as suggested by Oostenbrink 
(1966) by dividing the number of nematodes recovered at the end of the experi-
ment by the initial number of nematodes in the pots observed at the beginning of 
the experiment. Data were statistically analysed for L S D at P = 0.05 and P = 
0.01 (Sukhatme & Amble, 1978). 
Results 
Of the nematode species present in the soil viz., Rotylenchulus reniformis, 
Tylenchorhynchus brassicae, Hoplolaimus indicus, Helicotylenchus indicus and 
Tylenchus filiformis which maintained on tomato and eggplant in untreated con-
trol (Tables 1-3), the first two species were predominant. As a result of the appli-
cation of Tagetes lucida clippings to the autoclaved as well as naturally infested 
soil an increase in plant growth of tomato and eggplant was observed (Table 1). 
The plant weight of tomato increased from 18.2 g in untreated control to 39.0, 
32.5 and 28.5 g respectively where flower, leaf and stem clippings were added to 
the autoclaved soil. In the naturally infested soil the plant weight increased from 
12.7 g in untreated control to 31.4, 27.5 and 19.5 g respectively in the above 
treatment (Table 1). This indicated that the additives also served as manure and 
there was no sign of phytotoxicity @ 100 g additive per kg soil. However, in the 
presence of nematodes the plant growth was restricted, more so in untreated con-
trol than in different treatments. Use of flower, leaf and stem of T. lucida into the 
infested soil resulted in significant reduction in the population of most of the 
nematodes studied (Table 1). R. reniformis and T. brassicae being predominant 
species appear to have more influence on plant growth. In case of eggplant also 
similar trend was noted but the improvement in plant growth and reduction in 
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nematode populat ion, as shown by R factor, due to diffcrcni additives was more 
p r o n o u n c e d (Tabic I). A similar trend was evident both in tomato and eggplant 
when plant parts of T. minuta (Table 2), or 7 . tenuifoUa (Table 3) were used. 
Of ilie difrercnl additives, floral pans gave greatest reduction in the nema-
tode population, foi iowcd by leaf and stem (Tabic 1-3). The ef fcct o f various 
treatmcius on nematode population was found more on eggplant tlian on tomato 
(Tables i -3 ) . As a consequencc of the reduction in nematode multiplication, a 
corresponding significant increase in plant growth was observed (Table 1-3). 
Di.scussion 
Plant par ts of all the three lest specics o f Tagetes suppressed the population 
of plant parasitic nematodes . Tnis indicates the potential ncmaticidal action of 
these a m e n d m e n t s . T h e plant wastes of marigolds also showed a broad spectrum 
eff icacy against plant parasitic nematodes o f several genera. Our findings agree 
with those o f earlier reports. Significant reduction in the development of indi-
viduals and population build-up of M. hapla has been observed by addition o f 
various plant parts of marigolds to soil (Yuhara, 1971). Tagetes erecta and T. 
pumila w e r e found effect ive as green crop manure to control stem nematode in-
fection of strawberry when applied 9 months before planting (Andreeva, 1975). 
Tlic mechan i sm involved in the nematode control by the addition of chopped 
plant par^s of Tagetes spp. , is not known, yet some mechanisms for other organic 
a m e n d m e n t s could also be true to Tagetes. It has been suggested that the reduc-
t ion in n e m a t o d e popula t ion might be due to the accumulated toxicity of the de-
c o m p o s i n g produ.-.N (Alam e: 1978, 1979; Khan et ai, 1974) or increase in 
p r c d a c i o i v o r par ;s i i :c activity of soil b io t a (Linford, 1937). It may also be due 
to c h a n g e d physical and chcnr.cal properties o f soil (Ahmad et al., 1972) or to 
increased hos t resistance (Van der Laan , 1956; Alam et ai. 1977b, 1980). Some 
naiurail} occur r ing nematic idol compounds have been isolated from Tagetes 
spp., e g. oc-tenhicnyl (Ll i lenbroek & Bij loo, 1958), and 5-(3-buten-l-}'nyl)-2', 
2'-ditliienyl (Uhlenbrock; & Bijloo, 1959) wh ich may be affecting plant parasitic 
nematodes. 
The test plants grown in soil treated with various organic additives showed 
significant improvement in plant growth. This may partly be due to the reduction 
in the nematode population and partly due to the fact that these additives have 
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also served as organic manures. This was evident w h e n there was an improve-
ment in plant growth in the absence of nematodes in autoclaved soil. Moreover, 
there was no sign of phytotoxicity due to various amendments. 
This method of nematode control thus has an advantage over tlie use of ne-
maticidal chemicals sincc it is less expens ive , safer and easy to apply with no 
pollution risks and can improve soil structure and fertility. 
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TOXICITY OF DIFFERENT PLANT PARTS OF TAGETES LUCIDA TO 
PLANT PARASITIC NEMATODES* 
MANSOOR A. S I D D I Q U r and M. M A S H K O O R A L A M 
Department of Botany. Aligarh Muslim University, Aligarh-202002, india 
Abstract : Water extracts of different parts of marigold (Tugetes lucida) were 
highly deleterious to Melo'dcgyne incognita, Rotylenchuius reniformis, Tylenchorhyn<.hus 
brassicae, Hoplohimus ind'.cus, Helicoiylenchus indicus and Tylenchus filiformis, 
however, to varying extent. The nematode mortality increased with increase in the 
concentration of the extracts and the exposure period. Juvenile hatching of M. incognita 
was also greatly inhibited by the extracts. Inhibition in the hatching increased with 
increase in the concentration of the extracts. Flower extracts caused greatest nematode 
mortality and inhibition in juvenile-hatching followed by seed, leaf and root extracts. 
Key words : Toxicity, Tagetes lucida, Meloidogyne incognita. Rotylenchulus reniformis, 
Tylenchorhynchus brassicae, Hoplolaimus indxus, Helicotylench.us indicus, 
Tylenchus filiformis. 
Marigolds {Tagetes spp.) are known 
to possess strong nematicidal principles 
(Gommers, 1981), but there is no report 
about the relative distribution of nemati-
cidal principles in different plant parts. 
This is more so with Tagetes lucida Cav. 
Therefore, it was considered desirable to 
investigate and compare the nematicidal 
properties of different parts of T. lucida. 
MATERIALS A N D METHODS 
Different plant parts were thoroughly 
washed, chopped and 25 g of each 
macerated in 75 ml of distilled water, and 
extracts were obtained after centrifuga-
tion and filteration. These extracts were 
arbitrarily termed as standard (S). Diffe-
rent dilutions viz., S/2, S/10 and S/IOO 
were also prepared from the standard with 
distilled water. For mortality experiment, 
separate suspensions of freshly hatched 
2nd stage juveniles of the root-knot 
nematode , Meloidogyne incognita ( K o f o i d 
& White) Chitwood,-or freshly isolated 
specimens of the reniform nematode, 
Rotylenchulus reniformis Linford & Ol i -
veira, the stunt nematode, Tylenchor-
hynchus brassicae Siddiqi, the lance 
nematode, Hoplolaimus indicus Shcr, the 
spiral nematode, Helicotyleniluis indicus 
Siddiqi and the filiform nematode, 
Tylenchus filiformis Butschli were trans-
ferred separately to petridishes of 
<0 mm diameter containing 10 ml of 
the various dilutions of water extracts 
according to the method of Alam (1985). 
Petri dishes containing distilled water 
only served as control. There were 6 
replicates for each treatment. The 
number of dead and surviving nematodes 
were counted after 12, 24 and 48 iir and 
mean per cent mortality calculated. The 
death of the nematodes was ascertained 
after transferring them to water for 1 hr. 
For hatching experiment, 5 average-
sized and freshly picked eggmasses of 
M. incognita were transferred to 
40 mm diameter petridishes containing 
•This paper formed part of Ph.D. thesis of the senior author. 
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10 ml ex t r ac t of d i f fe ren t di lut ions. Each 
t r e a t m e n t was rep l i ca ted six t imes. T h e 
to ta l n u m b e r of ha t ched l a rvae were coun-
ted a f t e r 5 days . H a t c h i n g in disti l led wa te r 
s e r v e d as con t ro l . P e r cen t inhibi t ion in 
la rva l ha t ch ing o v e r con t ro l was ca lcu la ted . 
RESULTS AND DISCUSSION 
A pe rusa l of resul ts c lear ly indica tes 
t h a t d i f f e r en t p a r t s of T. lucida w e r e 
h ighly d e l e t e r i o u s to the test n e m a t o d e s 
( T a b l e 1). T h e n e m a t o d e mor t a l i t y 
inc reased with inc rease in t h e concen t r a -
t ion of w a t e r ex t rac ts of d i f fe ren t p l a n t 
p a r t s a n d e x p o s u r e pe r iod . In all t h e 
cases flower ex t rac t s caused g rea tes t n e m a -
t o d e m o r t a l i t y fo l lowed by seed, leaf a n d 
r o o t ex t r ac t s . All t he n e m a t o d e s were kill-
ed a f t e r 48 h r exposure in S conc . of leaf, 
flower, a n d seed ext rac ts . This level of 
m o r t a l i t y was ach ieved within 24 hr by t h e 
flower ex t r ac t s t o M . incognita and flower 
a n d seed ex t r ac t s t o Helicotylenchus 
indicus a t t he s a m e S conc . In a lower 
c o n c . o f S/2 a l so 100.00 per c e n t m o r t a l i t y 
was exh ib i t ed by M. incognita, T. brassicae 
a n d H. indicus in flower ex t rac t s a f t e r 
48 h r e x p o s u r e . 
Simi lar ly , t h e juveni le h a t c h i n g of t h e 
r o o t - k n o t n e m a t o d e was inhib i ted by 
w a t e r ex t r ac t s of d i f ferent p lan t pa r t s . 
H e r e a l so t h e inhibi t ion in larval h a t c h i n g 
was f o u n d di rec t ly c o r r e l a t e d with t h e 
c o n c e n t r a t i o n of the ex t r ac t s . F l o w e r 
e x t r a c t s aga in s h o w e d g rea te s t inh ib i to ry 
e f f ec t fo l lowed by seed, leaf and r o o t 
e x t r a c t s . Inhib i t ion in la rva l h a t c h i n g 
o v e r c o n t r o l in S, S/2, S / l O a n d S / l O O 
c o n c e n t r a t i o n s w a s 88.23, 79.41, 72 .05 
a n d 66.17 p e r c en t respec t ive ly in t h e 
leaf e x t r a c t ; 96.17, 89.41, 86.17 a n d 77.17 
p e r c en t r e spec t ive ly in the flower ex t r ac t ; 
94 .70 , 88.23, 84.70 and 70.58 p e r c e n t 
r e spec t ive ly in t h e seed e x t r a c t ; a n d 
79.41, 70.58, 64.70 and 52.94 p e r c e n t 
r e spec t ive ly in t h e r o o t e x t r a c t . 
T h e resu l t s clearly es tabl ish t h a t all 
p l a n t p a r t s of T. lucida possess s t r o n g 
n e m a t i c i d a l properties-, h o w e v e r , t o va ry -
ing ex t en t . T h e aer ia l p a r t s s h o w e d 
m o r e toxici ty t h a n t h e roots . U h l e n b r o c k 
& Bi j loo (1958, 1959) i so la ted f r o m a 
va r i e ty of T. erecta L. t w o t h i o p h e n i c 
c o m p o u n d s , viz., a - t e r lh ieny l a n d 5-f-3-
buten- l -ynyl ) -2 ,2 ' -b i th icnyl , wi th in vitro 
s t r o n g nemat i c ida l act ivi ty. W i n o t o -
S u a t m a d j i (1969) suggested t ha t t he 
nemat ic ida l p r inc ip le in mar igo ld is m a d e 
u p o f several c o m p o n e n t s in add i t ion t o 
t h iophenes . Pho to - ac t i va t i on of a - t e r th i -
enyl u n d e r a e r o b i c condi t ion is r epo .ned 
t o be necessa ry f o r enhanc ing its n e m a -
ticidal act ivi ty ( B a k k e r et ai, 1979; 
G o m m e r s , 1972). Since r o o t s g r o w in 
a b s e n c e of l ight in the soil, t h e com-
para t ive ly low toxici ty s h o w e d by roo t 
ex t r ac t s give c r e d e n c e to the a b o v e t heo ry . 
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Possible Utilization of a Noxious Weed in Nematode 
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ABSTRACT 
Soil amendment with chopped plant pans of water hyacinth ( ' E i c h h o r n i a 
c r a s s i p e s ) effectively controlled root-knot and reniforni nematodes allocking 
tomato and eggplant. Consequently plant growth improied. Extracts of water 
hyacinth also showed nematicidal and nemato-siatic properties. These 
extracts when used as bare-root-dip treatments significantly retarded 
nematode development and plant damage. 
I N T R O D U C T I O N 
Out of 10 widely distributed nox ious weeds in India, water hyacinth 
[Eichhornia crassipes (Mart.) Solms) o f the family P o n t e d a n a c e a e is the 
worst. It was introduced into India from Brazil in 1896 and now it has spread 
throughout the country. It greatly interferes with agriculture, pisciculture, 
irrigation, drainage, water sports, etc. In the province of West Bengal alone 
12 0 0 0 ha o f land is rendered unfit for farming due to this weed during the 
s u m m e r season, and the problem b e c o m e s more serious during the rainv 
season. It is est imated that it causes a b o u t 10 miUion dol lars loss per a n n u m 
in that province alone. Similar and even worse s i tuat ions exist in other 
provinces. In 1974 the weed w a s reported to be caus ing concern in 98 out o f 
246 districts surveyed in India. 
* T o whom correspondence should be addressed. 
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Interest has been shown in the capacity of the plant ['or cleaning sewage 
water and the industrial etTluents containing heavy metals and other 
toxicants and pollutants. However, the plant is required to be removed 
periodically from canals, drains and industrial lagoons because the 
biodegradation o f older and dead plants causes havoc. It has been suggested 
that wastes of water hyacinth might be used in producing biogas. In the 
present study we have investigated the possible utilization of this plant in the 
control of plant parasitic nematodes. 
M E T H O D S 
Fresh leaves and flowers of water hyacinth were thoroughly washed, 
chopped and 25 g o f each macerated in a grinder and then soaked separately 
in 75ml of distilled water for 1 h. The.se were then centrifuged, filtered and 
the e.xtracts arbitrarily termed as standard (S). Dilutions were prepared from 
the S concentration with distilled water. Freshly isolated specimens (all the 
free stages) o f the reniform nematode. Rotylenchulus reniformis Linford & 
Oliveira, and freshly hatched 2nd stage juveniles of the root-knot nematode, 
Meloidogyne incognita (Kofo id & White) Chitwood, were separately 
transferred to Petri dishes (40 mm diameter) containing 10 ml of dilTerent 
concentrations of the extracts, fo l lowing the method of Alam (1985). The 
numbers o f mobile and immobil ized nematodes were countcd after 12. 24 
and 48 h and mean per cent mortality calculated. Death of the nematodes 
was ascertained after transferring them to water. In another experiment, five 
average sized and freshly picked eggmasses of A/, incognita were transferred 
to 40 mm diameter Petri dishes containing 10 ml o f different concentrations 
o f extracts. The total number of hatched larvae were counted after 5 days. 
Hatching and mortality in distilled water served as controls. 
For studying the systemic action, roots of 3-week-old seedlings of t omato 
{Lycopersicon esculentum Mill.) cv. "Pusa Ruby' and eggplant {Solanian 
melongcna L.) cv. "Pusa Purple Long", grown in sterilized soil, were dipped in 
different concentrat ions of the leaf and flower extracts separately for 20, 40 
and 80 min. Undipped plants served as controls. After the dip treatment, the 
roots were washed with water and the seedlings were transplanted to 15 cm 
clay pots containing 1 kg autoclaved so i l -manure mixture. Each seedling 
was then inoculated with 1000 specimens of R. reniformis or 2nd stage 
juveniles of M. incognita, separately. After 3 months the plants were 
carefully uprooted and washed; plant growth and root-knot index (on the 
0 - 5 scale o f Taylor & Sasser (1978)) were determined. In the case o f R. 
reniformis, the final populat ion was determined by using Cobb's sieving and 
decanting technique a long with a modified Baermann funnel technique 
377-
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(Southey, 1986). The reproduction factor (R) was calculated by dividing the 
final populat ion by the initial populat ion iPf/Fi) as suggested by 
Oostenbrink (1966). 
For s tudying the effect on larval penetration, roots of 3-\veek-old 
seedlings o f tomato and eggplant, raised in sterilized soil , were dipped in 
different concentrat ions of the extracts as above and the seedlings were 
transferred singly to 5 cm clay pots containing thoroughly washed river 
sand. The plants were inoculated with 1000 freshly hatched 2nd stage 
juveniles o f M. incognita. The inoculated seedlings were removed after 72 h. 
R o o t surface and sand were thoroughly washed and the remaining larvae of 
the nematode, which could not have penetrated, were isolated by Cobb's 
m e t h o d and their numbers were determined. After deduct ion of this figure 
f rom the initial inoculum level, the number of larvae that had penetrated was 
determined. 
The water hyacinth roots were also used as soil amendments for studying 
their influence on nematodes. Clay pots (15 cm), filled with 1 kg autoclaved 
soil, were separately treated and the soil mixed with 100 g chopped leaf or 
f lowers o f water hyacinth. Untreated pots served as controls . The pots were 
watered immediately after the treatment. Three-week-old seedlings of 
t o m a t o and eggplant, raised in autoclaved soil, were transplanted singly to 
each pot after a wait ing period o f 1 week. The plants were inoculated with 
freshly hatched, 2nd stage juveniles of M. incognito or freshly isolated 
spec imens of R. reniformis at 1000/pot. After 3 months , the plants were 
uprooted, washed and the plant growth determined. In the case of M. 
//?c-o^^A;//rt-inoculated plants the root-knot index/root-gal l index was also 
noted. The final populat ions of M. incognita and R. reniformis and their 
reproduct ion factors were determined as above. In all the experiments the 
treatments were replicated six times. 
R E S U L T S A N D D I S C U S S I O N 
The results show that leaf and flower extracts o f water hyacinth were 
deleter ious to the test nematodes (Table I). Meloidogyne incognita was more 
sensit ive to the extracts than Rolylencbiilus reniformis. The mortaiit> 
increased with increase in the concentrat ion o f extracts and the exposure 
period. General ly f lower extract caused greater mortal i ty than leaf extract 
after the m a x i m u m exposure of 48 h. Both extracts inhibited hatching of M. 
incognita. Thus , water hyacinth possess strong nematicidal properties. 
Bare-root-dip in the extracts o f water hyacinth significantly checked the 
penetrat ion o f the 2nd stage juveniles o f the root -knot nematode into the 
roots (Table 2). The subsequent root-gall deve lopment was also inhibited 
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EITccl (if Waicr Exlracls of Leaf and I-lower of Water Hyacimli {Eichhnnuu irassipi".) on tlio 
Mortality and Hatching of Roiylcnchulus rciiijunnis and .\4cl(>ia'oi;\ in- iiu in;ii,ia in i/7ro(mcan 
of six rcplicatcsi 
Plum Exircicl Mortality ajicr (Ufjercnt exposure periods "o inhihilion 
pan . — in larval 
R. reniforinis M. incognita hatch uf 
- - - - - -- M. incognita 
ijh 24 h hSh I2li :-! h uftcr 5 days 
Leaf S 40 70 90 60 90 90 77-3 
s : 30 50 60 50 "0 V) 71-2 
S !0 25 .W 45 20 40 7(; 65-4 
•S lOu (i 10 10 0 10 20 30-4 
Kkiuer .s M) f)0 1(X) 25 "0 If/) 79 1 
s : 25 50 90 20 60 KK) 73-4 
S 10 20 40 10 60 66-1 
S 100 0 0 15 0 10 15 325 
DW 0 0 0 0 0 0 0 0 
C.D. (/ ' = 005) 1-95 1-81 2-53 1-75 313 2 11 
[P = 0011 2-71 2-51 3-51 2-43 4 35 293 
DW, distilled -Aater. 
S 2. etc., dilutions ol' standard cxtract(5), see Methods. 
s i g n i f i c a n t l y . T h e i n h i b i t i o n in l a r v a l p e n e t r a t i o n a n d r o o t - g a l l d e v e l o p m e n t 
w a s d i r c c t l y c o r r e l a t e d w i t h t h e i n c r e a s e in t h e c o n c e n t r a t i o n o f t h e e x t r a c t s 
a n d t h e d i p d u r a t i o n . F l o w e r e x t r a c t u a s r a t h e r m o r e efTect i \e t h a n l e a f 
e .xi ract . S i m i l a r r e s u l t s w e r e a l s o f o u n d w i t h r e s p e c t l o t h e r e n i f o r m 
n e m a t o d e . R. rcniforniis ( T a b l e 3). 
R e s u l t s m T a b i c 4 s h o w t h a t t h e p o p u l a t i o n o f b o t h ine tes t n e m a t o d e s 
m u l t i p l i e d f r e e l y in t h e u n t r e a t e d soi l . T h e c h o p p e d p l a n t p a r t s o f w a t e r 
i i y a c i n t h h o u e v e r s i g n i f i c a n t l y r e d u c e d t h e r o o t - k n o t d e \ e l o p m e n t c a u s e d 
b \ iiic(igiii!ti a n d p o p u l a t i o n b u i l d - u p o[ R. renijormis. So i l a m e n d m e n t 
w i t h t l o w e r s g a v e g r e a t e s t i n h i b i t i o n . 
T h u s t h e p l a n t w a s t e s o f w a t e r h y a c i n t h s h o w e d a b r o a d s p e c t r u m e f f i c a c y 
b e c a u s e t h e s e n e m a t o d e s p e c i e s r e p r e s e n t d i f f e r e n t m o d e s o f t e e d i n g . T h e 
r o o t - k n o t n e m a t o d e , M. incogniici, is a n e n d o p a r a s i t e a n d t h e r e n i f o r m 
n e m a t o d e , R. rcniforniis. is a s e m i - e n d o p a r a s i t e . 
T h e r e s u l t s s h o w t h a t soi l a m e n d m e n t w i t h c h o p p e d g r e e n t o p s o f w a t e r 
h y a c i n t h n o t o n l y a r r e s t e d n e m a t o d e m u l t i p l i c a t i o n b u t a l s o i m p r o v e d 
g r o w t h o f t o m a t o a n d e g g p l a n t . T h i s m i g h t h a v e b e e n p a r t l y d u e t o t h e 
r e d u c t i o n in n e m a t o d e p o p u l a t i o n s a n d p a r t l y t o t h e f a c t i h a t t h e a d d i t i v e s 
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also served as manures. The mccl ianism o f action may be similar to those 
worked out for other organic soil amendments , which suggest a toxicity o f 
the d e c o m p o s i n g products or an increase in predacious or parasitic activity 
o f the soil biota (Linford, 1937). Changes in physical or chemical properties 
o f soil (Ahmad el al., 1972) caused by organic soil amendments may be 
inimical to nematodes or they may be responsible for increasing host 
resistance (Alam el al., 1980). However , bare-root-dip in water extracts o f 
water hyacinth rendered the susceptible plants unfavourable for penetration 
and subsequent deve lopment o f the nematodes , which suggests toxicity. 
The results have s h o w n that this plant could be of great use in solving 
s o m e of the nematode problems. This wou ld be an addit ional utilization of 
the weed which could partly so lve its disposal problems. 
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Short Communication 
Further Studies on the Use of Water Hyacinth in Nematode 
Control 
ABSTRACT 
Soil application ofleafandjlowcr of waier hyacinih ( ' E i c h h o r n i a c r a s s i p c s ; 
gave satisfactory control of the stunt nematode r T y l e n c h o r h y n c h u s 
b r a s s i c a e j . and improved plant growth of cabbage and caulifiower. H ater 
extracts of water hyacinth showed toxicity to T . b r a s s i c a e in v i t ro . Bare-root-
dip treatments in leaf andflower extracts brought about significant reduction 
in plant damage by uai' of inhibiting nematode multiplication. 
I N T R O D U C T I O N 
Water hyacinth (Eichhornia crassipes{M.An.) Solms, family Pontedariaceaei 
is cons idered worst a m o n g the 10 widely spread and m o s t n o x i o u s w e e d s in 
India. It hinders agriculture, particularly rice cul t ivat ion in low lying areas. 
Besides pisciculture, water transport, drainage, etc., are also affected 
adversely. However , the brighter aspect o f this weed is its capacity to absorb 
pol lutants and toxicants. E. crassipes a l so produces insect-growth inhibitor\ 
c o m p o u n d s (Jamil et al., 1984, 1988). The present authors have also observed 
its capaci ty to contro l two endo-paras i t i c n e m a t o d e s (Siddiqui & Alam. 
1989). T h e study has been extended to eva luat ing its potential against an 
ecto-paras i t ic nematode , Tylenchorhynchus brassicae Siddiqui. 
M E T H O D S 
Standard extracts ( 5 ) were prepared by macerat ing 25 g fresh leaves or 
f lowers of water hyacinth separately in 75 ml disti l led water. These were 
further diluted to 5 /2 , i'/IO and S / 1 0 0 wi th distilled water. Mortal i ty o f T. 
brassicae (larvae, males and females) in different d i lu t ions was determined 
71 
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after 12, 24 and 4 8 h exposures, fo l lowing the method of Alam (!985). 
Mortality in distilled water served as control. 
For studying the systemic action, roots of 3-vveek-old seedlinj!s of 
cabbage {Brassica oleracea capitata L.) cv. 'Pride o f India' and cauliflower 
[Brassica oleracea bolrytis L.) cv. 'Maghi' , raised in autoclaved soil, were 
dipped in different concentrations of the extracts separately for 20, 40 and 
SOmin and then washed and transferred singly to 15 cm diameter clay pots 
containing 1 kg autoclaved so i l -manure mixture. The plants were then 
inoculated with 1000 specimens of T. brassicae separately. Plants without 
d ip treafmenJ or inoculation served as conlroi. The experiment was 
terminated three months after seedling transplantation. Plant growth 
(weight of shoot /root) and final soil populat ions o f the nematode were 
determined by using Cobb's sieving and decanting method along with a 
modified Baermann funnel technique (Southey, 1986). 
For studying the effect of plant wastes, the pots were filled with 1 kg 
autoclaved soil incorporated with 100 g chopped leaf or flower of water 
hyacinth. The pots were watered to ensure proper decomposit ion of the 
additives. Untreated pots served as control . After a waiting period of one 
week, 3-week-old seedlings of cabbage and cauliflower, raised in autoclaved 
soil, were transplanted singly. The plants were then inoculated with 1000 
freshly isolated specimens o f T. brassicae. The experiment was terminated 
three months after transplantation. In all the experiments, there were six 
replicates for each treatment. 
R E S U L T S A N D D I S C U S S I O N 
The results indicate that leaf and flower extracts o f water hyacinth brought 
about considerable mortality to the test nematode; however, this was to a 
varying extent. Toxicity of the extracts was regularly decreased with an 
increase in the dilution, but increased with exposure period (Table 1). 
Flower extract showed more toxicity than the leaf extract after 48 h 
exposure. 
Bare-root-dip in the extracts o f water hyacinth significantly reduced the 
nematode populat ion and checked the nematode damage to the plants. The 
reduction in nematode populat ion gradually increased with the increase in 
the concentration o f the extracts and the duration o f dip treatment (Table 2). 
Flower extract was found more effective than the leaf extract. 
The incorporation of chopped leaves and flower of water hyacinth 
significantly suppressed nematode populat ion, and improved plant growth 
o f cabbage and cauliflower. Soil a m e n d m e n t with chopped flowers gave the 
greatest inhibition (Table 3). 
- 4 2 2 -
385 






o ^ {/i 











p O O O p 




V 1 H 
1 1 1 
V 
8 m 0-. § c o g 
o 
+ sb + + + + + o o m m 8 8 o o 
CO II 
fN rvl 11 






II II II 
(X 
lo ^ r^ 
J. ' ' 
o c o 
O O r-tn o oo 
O O O 
s s 
O lo o — 
O C VD t/^  O rNi 
^ r^ -o 
~ S^ 
— ^ K 
8 8 2 : 
r-J *T 5o — tt 
o 
o 
o o o 
fN ON — •— (W 
o o o (N 
S 8 8 
fN sc rN ^ rsi tj-
o o o 04 
o o 
rsi 
o c s 
fN C ^ sC oo 
















- 4 1 9 -
386 
'^IdtiSfUif A. Siddiqiii, M. Mashkoor Alum 
o o o o O I DC r- -t w r I r-. ! CO i Tj- r t 
O r-J '/". y^  -T I— V-. r^ i — 
ri f--. ri n •^ r ^ <• I vt/ O O d^  r I r^ , r I r^ , r- J r^ . 
r j r - . Cvv-i — ^ o ^ o v c a c ) 
^ ^ Z ^ ^ ~ O r^ r- r'- -1- o ON ri ! i ' 
1 — C: r j X- ~ O 
'T > - 1 - ri -f- o C sC r J r 1 ~ nj r-i — r 1 r 1 r J r t — 
r J s 5o s E £ 5c o 30 r-- ON -1-r-J — — — — — 
V, uo o r- '•J-. r-- r-4 r-J 
— r-i r J r J -t r J 
r-i O 
^ vC 6 r^i sO r-i t r-j 
O 
f. 1 
r-1 r- rA. r-
1 r^ j oc 'r. 
-T 
— r- :c O 
c 
T " — '•J >/-. — 
o o 
•-J ( II 
0 ' E 
Q 
U V 
c . c . 
— / Z , 
l/^ i/^ 3 ^ 6 
' r: O O U 
-i O O o i g 
: I 
-o -O O C ! -
C. C.'-' ^ j y 
J; 
387 
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Ellccl of Si)il A m c n d m e n l s wiih C h o p p e d Plant Pa r t s ol W a t e r H y a t i n l h (Eichhonua 
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C a u l i H o u l t 
L'lUreated 46-1 39 9 1 5.30 — 
Leaf 65-5 57-2 580 58-86 
Flo^'.er 79-4 00-2 360 74-49 
C D f / ' = 0-0S) 3-73 4 6 1 50-48 - -
C D !/^ = 0 01) 6-19 7-57 83-71 — 
C D , Cr i t ica l difference. 
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[ V I A N A G K M E N T O F MELOIDOGYNE INCOdNITA W I T H T H E B I O C O N T U O L 
F U N G U S PAECILOMYCES IJlACINUS 
H i s a m u d d i n . M a n s o o r A. S iddiqui and T a n w e e r A z a m 
Department o f Botany , Al igarh M u s l i m Univers i ty , Aligarh - 2 0 2 0 0 2 , I N D I A . 
A B S T R A C T 
Luffa aegyplica, b e l o n g i n g to the fami ly Cucurbitaceae, is an important s u m m e r 
vege tab le crop in India. L i k e other vege tab les , it is a l so a f f ec ted by root -knot d i sease 
caused by var ious s p e c i e s o f Mdoidogyne. The plants infected wi th the n e m a t o d e 
d e v e l o p characterist ic s y m p t o m s o f stunting, chlorosis , and formal ion o f gal ls on 
underground parts. All these mal format ions lead to a cons iderable decrease in y ie ld and 
eventual ly t o h u g e e c o n o m i c losses . T o control the d i sease , w i thout us ing chemica l s , a 
b iocontrol fungal agent Paecilomyces lilacinits w a s tested carrying out pot experiments . 
The results o f the exper iment revea led that inoculat ion o f L. aegyptica w i th o n l y 
Meloidogyije incognila caused very high and s igni f icant (P = 0 . 0 1 ) reduction in the 
growth o f T1 plants, w h e n c o m p a r e d w i t h controls . In compar i son t o T1 plants, increase 
in g r o w t h o f T 2 plants w a s s ign i f i cant ly (P = 0 . 0 1 ) higher where the fungus , P. lilacinus 
w a s appl ied into the soi l o n e w e e k b e f o r e o f n e m a t o d e application. T h e T3 plants, to 
w h i c h l \ lilacinus w a s suppl ied s imul taneous ly a long with the n e m a t o d e , exhibi ted a 
non-s ign i f i cant increase o v e r the control . W h e n P. lilacinus w a s appl ied t o the soil o n e 
week after n e m a t o d e inoculat ion, the plants exhib i ted a s ignif icant (P = 0 . 0 5 ) reduction in 
the growth o f T 4 plants. T h e results o f T 5 plants w e r e not s igni f icant ly d i f ferent wi th T1 
plants. Appl i ca t ion o f the f u n g u s into the soil b e f o r e inoculat ion o f the plants w a s found 
to be m o r e e f f e c t i v e than other combinat ions . 
»,oru;.. Ij^ffao&gyptlca, l^/eloichf^ndlnCogTiita, Paecilo.'vycss litachrus 
c-niail: liisains@giTuiil.coin, mansoor 57((-;}rcdifrmail.com 
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T h e r o o t - k n o t n e m a t o d e {Mt'loiJogynt' itico^^iiila) c a u s e s d i sease in more than 
2000 species of wild and cultivated plants. The well known host response is the galling of 
the roots. Christie (1936) observed that the second-stage juveniles (larvae) penetrated the 
root tips and migrated to the inner tissues of the roots. For controlling root-knot disease, 
various kinds of synthetic pesticides are in used that are polluting the environment. To 
save our environment biopesticides are being tested. Exploitation of living organisms for 
reducing pest populations is termed as biocontrol, There are several biocontrol agents, 
including fungi that contain the population of the nematodes (Kerry, 1980; Gaspard and 
Mankau, 1986; Rodrigues-Kabana and Morgan-Jones, 1988). The fungi that are 
antagonistic to nematodes are Meria coniospom (Jansson et a/., (1985); Hirsulclla 
rhossiliensis (Eayre et al., (1987); Arihrobolrys Mankau (1961); and Paeciliomyces 
\ 
lilacinus Jatala et ai, (1981). The objectives of this study were to determine the effects of 
P. iilacinus on M. incognita itself, on the eggs and on the egg masses. The ffects wer« 
also observed on the plants infected with the nematode and cured with the biocontrol 
fungus. 
MATERIALS AND METHODS 
lAiffa aegyptica was selected as the test plant, Meloidogyne incognita as a test 
pathogen and Paecilomyces lilacinus as a biocontrol agent. Surface sterilized seeds o f / . , 
aegyptica were allowed to germinate in Petri dishes and then transferred to 30cm 
diameter clay pots filled with autoclaved (20 lb pressure for 20 minutes) soil. Egg masses 
of M. incognita were picked from heavily infested roots of egg plants maintained for 
research work. The egg masses were allowed to hatch in Petri dishes to obtain second-
stage juveniles. One week old seedlings of aegyptica were inoculated with 2,000 
second-stage juveniles. Pure culture of P. lilacinus was obtained from lARI and 
propagated on Richard's medium. The culture medium was autoclaved at 15 lb for 15 
min in 250 ml corning flasks containing 100 ml of liquid medium. The medium was 
inoculated with small amount of fungus maintained on PDA slants. The inoculated flasks 
were incubated at 28.5 °C for about 15 days to allow rapid fimgal growth. The soil was 
inoculated with fungus. The e x p e r i m e n t w a s designed a s per following treatments: 
-447-
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c ON + 0F Un-inocuiated control 
T l 2 0 0 0 N + OF Nematode inoculated 
T 2 
T3 
2 0 0 0 N + F 
2 0 0 0 N + F 
200()N 4 !•• 
Nematode inoculated + Fungus application one 
week before nomiitode inociiliuion 
Nematode inoculated + Fungus application 
simultaneous with nematode inoculation 
T 4 
Nematode inoculated + Fungus application one 
week after nematode inoculation 
T5 2000 N 1 !• 
Nematode inoculatcd Fungus application two 
w e e k s after nematode inoculation 
The plants were uprooted 45 days after nematode inoculation and growth parameters 
were recorded. 
RESULTS AND DISCUSSION 
The root and the shoot of control plants (C) of lAiffa aL%vplica were having 
maximum length, as compared to the plants of other treatments. Among all the treatment, 
tho plants inoculated with the nematode, Muloido^^ync inco^^nila (T l ) were shortest and 
were significantly (P = 0.01) shorter than control. The length of T2 plaiUs, in comparison 
to T l plants, increased significantly (P = 0.01), The length of the plants decreased 
gradually from T3 to T5 plants. Fresh weights and dry weights of the roots and the shools 
of T l plants, in comparison to control, decreased significantly (P = 0.01). The plant 
weights were higher in T2 and T3 (significant at P = 0.01), in T4 (significant at P = 0.05) 
and in T5 (non-significantly) plants. Stunting of the plant as a result of root-knot 
nematode infection has been reported by several workers (Oteifa, 1952; Olthof and 
Potter, 1972; Barker and Olthof, 1976; Rodriguez-Kabana and Williams, 1981) 
The lengths, fresh weights and dry weights of the roots and the shoots of T2 
plants were almost ec]ual to that of control plants. From these observations, it became 
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evident that Paecilomyces liladnus contributed in controlling the disease and maintaining 
the plant health. Increase in length and weight of T3, T4 and T5 plants also supported that 
P. lilacitws improved the health of infected plants as has been reported by Cabanillus and 
Barker (1989), 
The plants inoculated with the root-knot nematode (Meloiclo^v/w incognita) 
produced several galls of large size. The number of galls significantly (P = 0.01) 
significantly decreased on T2 plants in which the soil was inoculated with the fungus one 
week prior to nematode inoculation. The gall number was significantly low on the roots 
of T3 and T4 plants in which the fungus was applied simultaneously and one week after 
nematode inoculation, respectively. The gall number on T5 plants also dccveascd, but not 
significantly. The fungus F. lilaciniis exhibits diverse modes of habitats. It lives as a 
saprophyte and can easily be grown on artificial culture medium. It can grow as an 
epiphyte on the surfaces of the roots and as an endophyte growing in the inner tissues of 
the root without damaging the host tissues. It also parasitizes eggs and egg masses of 
Meloidogyne incognita. Because of this characteristic the fungus has been under 
discussion to be used as a biocontrol agent for managing the root-knot nematodes. The 
results of the experiment showed that the fungus controlled the root-knot disease and 
improved the plant growth. 
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Effec t of soil solarization together with oil-
cakes/nematic ides on nematode population and 
plant growth of tomato 
(Key words : ncmaucidcs/oil-cakes/soil solanMUoc./ncmaiodcs) 
Rcccivcd 21.3.1991: Acccpicd 9.7.1991 
M A N S O O R A. S I D D I Q U I and S.K. S A X E N A 
Department of Botany, Aligarh Muslim University. Alignrh-202 002. India. 
A b s t r a c t 
Soil solarization was ijilcgraicd with oil-cakcs or ncmaticidcs. The oil-cakcs used were ncem, castor and 
mustard while ncmaticidcs were carbofuran and aldicarb. Highest reduction in nematode population was 
obtained in solanzid soil logclher with iieavmcnt of soil -^ nh oil •takts/ncnvaiicidcs. 'l>ic Iwo nemauodes 
Viz., carbofuran and aldicarb were efficacious in reducing the nematode population than oil-cakcs. As a 
consequence of the reduction of nematode population the plant growth improved, llighcsl increase in 
growth of plants being observed in solarized soil with treatment of oil-cakes/nematicides. However, none 
of the ireatme i^ls were effeaivc in eliminating the nematode population. 
I n t r o d u c t i o n 
S o l a r hea t ing (solar iza t ion) has been pract iccd to control plant paras i t ic n e m a t o d e s ' " ^ and 
c a n a l s o con t ro l o v e r soil b o r n e p lan t p a t h o g e n s ' " ' ^ . T h e i n f o r m a t i o n o n i n t e g r a t i n g soi l 
so l a r i za t ion with o i l - cakes and ncmat i c idcs on n e m a t o d e popula t ion is l ack ing . H e n c e , in the 
p r e s e n t s tudy , an a t t emp t has been m a d e to d e t e r m i n e the e f f cc i of soil so la r iza t ion c o m b i n e d 
w i t h o i l - c a k e s and ncmat i c idcs on n e m a t o d e popula i ion and plani g rowih of t o m a t o . 
M a t e r i a l a n d M e t h o d s 
A f i e ld h a r b o u r i n g h igh popu l a t i on of p lan t paras i i ic n e i n a i o d c s w a s .selected and 
p l o u g h e d . It was d iv ided into beds of 2 x 2 m- si/.e cach .scp;a-aicd by 0 .5 m w i d e b u f f e r zone . 
O i l c a k e s of c a s t o r {Ricinus communis L.) , mi i s i a rd (Bmssica campesiris L . ) a n d 
m a r g o s a / f l c m {Azadirachta indica Juss . ) were a d d e d @ 200 and 4 0 0 kg /ha and c a r b o u r a n / 
F u r a d o n - 3 G (2 ,3 -<J ihydro -2 , 2 - d i m e t h y l - 7 - b c n z o f u r a n y l mc ihy l c a r b a m a t e ) a n d a l d i c a r b / 
T c m i k - l O G ( 2 - m e t h y l - 2 - ( m c t h y l l h i o ) p r o p i o n a l d c h y d c - 0 - ( m c i h y l c a r b a m o y l ) O-xime) each 
@ l kR a.i.Aia a t t he l i m e of so la r i za t ion . Unvroavcd b e d s served a s con t ro l . T h e r e w e r e f o u r 
r e p l i c a t e s of cach t r ea tment a r ranged in a r andomized block des ign . O n e hal l of each plot w a s 
c o v e r e d wi th a c lear , tliin ( 4 0 p r i thick) , t ransparent polythene (solar ized) for 30 days . 
T h r e c - w e e k - o l d t oma to seed l ings (Lycopersicon esculcmuin iMill.) cv . ' Pusa R u b y ' ra ised 
in soi l t reated with c a r b o f u r a n @ 0 .3 g a . i . /m- and unt rea ted soil w e r e t r ansp lan ted two w e e k s 
a f t e r the so la r iza t ion . Tr ick le i r r igat ion, weed ing etc . were d o n e t h r o u g h o u t the e x p e r i m e n t as 
necessa ry . 
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A f i c r Llircc i i ior i ihs , t he p l a n i s u|)r(K)tC(J, w a s h e d a n d il)c w e i g h t o f s h o o i a n d r o o t 
w a s d e t e r m i n e d . T h e n e m a t o d e pop i ih i t ion w a s d e l c r i u i n c d lx;forc a n d a f t e r the e x p e r i m e n t . 
U e s u l t s 
Tl i e rc .sul ts p re . sen ted in T a b l e s 1 a n d 2 i n d i c a t e tha t s o l a r i z a t i o n of s o i l r e d u c e d t h e 
n o p u l ; n i u n of n c m n u x l e l icnora lo a v a r y i n g degrex:.. 
1 ai'K: 1 - ol soil SLpi.in/^lioii Uij^ciher with i>il-c;tkcs/iicn»alicidcs on the grouih of lomalo cv. 'Puia Ruby' 
raised in un'ircjtcii scvil ;mi.i ihcir uc^jMikih \vi\li cat^x^fviran. 
I'Lini wciglil (s) C.D. bcuvccn 
r realPK-nls Sol,tn/cd (S) Nt>(»-st>lari/cd (,\) S and N 
Sho<i! RlKjl Toi-il Shtwl Kool Total P = 0,0 !> 
0.01 
Cnlrealcd A 1.20 13.70 54 90 34.40 11.30 45.70 3,853 5,057 
(12.40) (50.70) (32.30) (10.20) (42.50) 6.364 8.352 
(\)itiposl AlAO !5.20 62,60 39.70 I3.(X) 52.70 7.414 9.730 
(43,.50) (13.60) (57,10) (36.30) (12.30) (48.60) 5.221 6.852 
Necin cake n o . ; o 21.60 151 SO 105.30 20.10 125.40 14,525 19.063 
(:(X) kt;./ha) (11.5.50) (18.40) (133,90) (90,10) (17.50) (107.(0) 9,864 12.945 
Xccin cake 132.30 22.00 154.30 110.10 21.30 131.40 10.866 14.269 
(400 kg/hai (106.70) (20.40) (127.10) (100.00) (19.40) (119.40) 3.640 4.777 
Ca.«or cakc 69.50 IS.(X) S7,50 64.20 16.(X) 80.20 4.270 5.604 
COO ky/ha) (63.30) (17.10) (80,401 (5S.50) (15.00) (73.50) 3.516 4.615 
Casior cukc S3.40 17.00 100,40 71.2i) 2().(X) 91.20 6,75S S,S69 
(4(X) kg/ha) (72.(X)) (20,00) (92,«0) (65,30) (19.00) ;S4.30) 3,66.K 4 Si 4 
.\tusiard cakc 9S.90 1610 115 00 f<>.30 15, SO 82.10 !6 657 21 S'li 
(:(x) kg.iu, (" 2^.1(1) (13.30) (S.5.J<)) (60.rX)) (74.50) 6,0,S3 7 (K 1 
Miisuird -uike M7() 22.(K) 100,71) 74..50 17.30 <)1.S0 4.'.71 5,474 
(•VVlkit.li.ii f21,(X)) {91,11)1 (65.(M)) (15.00) (SO.(X)) 6,513 S,-i4S 
Cartx)fur2ii 102.40 24,20 126,60 93,40 1\.H.) 115.(X1 7.137 9.366 
(1 kj; 3,i./1,u; ('is.;o) (22,00) (i2{);!i) (SS.IO) (20.40) (108.50) 6,S60 9.003 
Al,lic.aib 120.20 22,40 142,60 9S.30 22.20 120.30 16336 21.439 
(i kg a i.'n.i'l nw.H)) (20,.M)) (r- ivsoi (91,20) (21.10) (112.60) 10.605 
r i! U' tvlw-een Iruj Iniccil 5 3 <7 6,723 
r . / y ;(l trcaU'J soii 7,22'; 9.021 
C ij. Ire.itniciii 6 3! 5 7.S11 
C . l l d' O.Oii i:: unlrcalcd sod S 474 10 4.S1 
'!jL:n viiiiic is jn :i\ci.i^c «.>! fot:r rcplicaios, 
••igwM's :ii pdrcMllicsos iruii;;alc ihc utrit'.hi i.nTKiU' scocJlinus were raised in u.''.treated soil. 
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1 2 6 MANSOOR A. SIDDIQI M anJ S.K. S A X E N A 
T h e populations were rcduccd when solarizaiion of soil combined by u-eaimcnt of soil 
with oil-cakes and nemalicides. Highest reduction in populat ion of nematodes was observed 
when solar iza t ion was combined with a m e n d m e n t of soil with nccm cake fo l lowed by 
solarizat ion together with mustard and castor cakes. Higher doses of oil cakes were more 
effect ive in reducing nematode numbers. Carbofuran and aldicarb were found more eff icacious 
in reducing nematode numbers than the oil-cakes when combined with sohu-ization. There was 
more build-up of population of plant parasitic nematodes in the soil where seedlings grown in 
untreated soil were planted. The seedlings rai.sed from nursery h : d s u-eatal wiOi carbofuraii were 
healthier than untreated ones. 
T h e growth of plants was signincantly high when grown In soil amended with oil-cakes 
together with nemat ic ides and solarization than untreated control . Higher dose of o i l -cakes 
when combined with solarization gave much healthier plants. The highest increase in plant 
weight was observed in soil amended with nccm cake fol lowed by mustiird and castor cakes 
alongwith solarization. 
D i s c u s s i o n 
Soil mulch ing with poly thene sheet br ings about an increase in soil tempera ture and 
t ransmission to the long radiation is highly reduced resulting in better h e a t i n g ' - T h e 
possibili ty of changes in chemical and physical sUucture of soil, availability of high mois ture 
level and changes in gas composit ion of the soil in the reduction of nematode population can 
not be ruled out. 
The eff icacy of soil solarization is further increased when combined wiih u-eatmcni of soi. 
with oil-cakes. Oil-cakes/nematicides themselves are actually known for reducing nematode 
n u m b e r s ' " ' - ' ' . The re fo re , solarizai ion combined with o i l -cakc/ncmai ic idos helps in better 
reduction in nematode number in soil. 
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EFFECT OF SOIL SOLARIZATION INTEGRATED WITH OIL CAKES AND 
NEMATICIDES ON NEMATODES ATTACKING EGGPLANT 
Mansoor A. Siddiqui, M.F. Azam and S.K. Saxena 
Depar tment of Botany, Aligarh Musl im U n i v e r s i t y , 
Aligarh - 202 002 
Abstract 
Studies have been m a d e to determine the effect soil solarization integrated with o i l -cake of 
neem, castor , mustard and nematicides , viz., carbofuran and aidicarb on n e m a t o d e popula t ion . 
Soil solarizat ion in conjunct ion with oi l -cake/nemat ic ides was found more e f fec t ive than non-
solar ized oi l -cake/nemat ic ide treated beds. Both the nematicides were found more e f fec t ive 
than the oil-cakes. A m o n g oil-cakes, highest reduction in nematode populat ion was observed 
in so lar ized plot amended with neem cake . The growth of eggplant w a s improved d u e to the 
reduct ion in nematode populat ion. Highest plant growth was found in solar ized soil integrated 
with o i l -cakes /nemat ic ides . However , none of the t reatments was e f fec t ive in e l iminat ing the 
n e m a t o d e populat ion. 
I N T R O D U C T I O N 
Soil solar izat ion has been r ecommended as one of the ef fec t ive me thods of reducing the populat ion 
o f n e m a t o d e s i n s o i l ( R e b o i s , 1973 ;Ka tan . 198 la ,b ; L,a Mondia and Brodie, 1984; Greco e/<3/., l 9 8 5 ; H e a l d 
and Rob inson . 1987; Gib l in -Davis and Verkade . 1988; Abu-Ghabr ich el ai. 1991). T h e e f f ec t of soil 
solar izat ion could be improved if this is integrated with o ther methods of contor! . It has been shown that 
treatmenc o f soil with chemica ls and soil a m e n d m e n t with oi l -cakes are e f f ec t ive in reducing nematode 
popula t ion in soil (Kaian et aL, 1976; S a u e r b o m and Saxena. 1987; Braun et al.. 1991; S a u e r b o m el ai. 
1990; Car t ia el a!.. 1991; Horiuchi , 1991; Di-Vito e; a/. , 1991; Devay, 1991). It is likely that integration of 
n e m a t o d e con t io l , soil solarization with soil t rea tment with chemica ls and soil a m e n d m e n t with oil cakes 
may have much more adverse e f fec t on nematode populat ion. Hence, in the present investigation, an at iempt 
has been m a d e to de termine the e f fec ts of integrat ing the soil solarization with soil t reatment with chemicals 
and amendnie iU with oil cakes on populat ion of nematodes associated with eggplan t . 
M A T E R I A L S A N D M E T H O D S 
A field with reasonably high population of Hoplolaimus ouJicus Sher, Helicotylenchus /W/ciw Siddiqui. 
Roiylenchuliis reniformis "Linford & Ol ive i ra , Tylenchorhynchus brassicae S idd iqu i and Mcloidogynt; 
incognita ( K o f o i d & White) Ch i twood was selected for the s tudy. It was p loughed thoroughly and was 
d iv ided into beds o f 2x2 m^ s ize each separated by 0 .5 m wide b u f f e r zone. T h e beds were irrigated when 
mois tu re level w a s reduced to the level required for seed sowing . Tlie soil was a m e n d e d with compost @ 
110 kg /ha . O i l - cakes of ma rgosa /neem {Azcdirachta indica A. Juss.), cas tor {Riciims communis L.) and 
mustard {Brassica campestris L . ) @ 2 0 0 kg/ha and 400 kg/ha , c a rbo fu ran /Fu radon -3G (2 ,3-d ihydro-2 ,2-
d i m e t h y l l - 7 - ' b e n z o f u r a n y l me thy l ca rbama te ) @ 1.00 kg a . i . /ha and a ld i ca rb /Temik - lOG (2-methy l -2 -
(me thy l th io ) p r o p i m a l d e h y d e - 0 - ( m e t h y l ca rbamoy l ) O x i m e ) @ 1.00 kg a. i . /ha separately. Untreated beds 
400 
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served as control . The re were four repl icates for each i reatment . The beds were ar ranged in r a n d o m i s e d 
fashion in each replicate. Af ter 4 d a y s o f incorporat ion o f the above in the soil , each bed w a s divided in to 
two sub-plots . O n e w a s covered with a clear , thin (40 jim thick), t ransparent po ly thene sheet (solar ized) and 
ano ther was left uncovered (non-solar ized) . 
Af te r 3 -weeks o f solarizat ion seedl ings (3 -week-o ld ) o f egg plant (Solanum melonaena L.) cv Pusa 
Purple L o n g " raised in soil treated with ca rbo fu ran (ffiO.3 ga . i . /m- and untreated soil w e r e t ransplanted with 
25 seedl ings per bed. Weed ing , supplementa l t r ickle irrigation were done as and when cons idered necessar> 
dur ing the course of the invest igat ions. 
Af te r 3 m o n t h s of t he t ransplantat ion o f seedl ings , the plants were uprooted and washed . T h e we iuh t 
of shoot and root was de te rmined . N e m a t o d e popula t ion was determined both before t ransplantat ion .ir.d 
af ter harvest by us ing C o b b ' s s ieving & decan t ing t echn ique a long with modi f ied Baermann funne l mei l iods 
(Southey . 1986). Data w a s statistically analysed for critical d i f fe rence ( C D . ) at P 0 .05 and P - O.dl 
(Panse and Sukha tme , 1978). 
R E S U L T S 
T h e results p resen ted in Tables I & 2 clearly indicate that soiarization of soil reduced the popula t ion 
of nema todes in soil. 
Tlie population o f plant parasitic nematodes was fur ther reduced when solarization o f s o i l was tol lowed 
by t rea tment o f s o i l with oi l -cakes and nemat ic ides . T h e reduct ion in populat ion of nematodes was ino^? m 
solar ized soil together wi th a m e n d m e n t wi th netiin c ake . It was fo l lowed by solarized soil iogethor nh 
mustard and castor cakes. The increase in dose o f oil c akes resulted in further decline: in populat ion o f 
nematodes . However , the reduct ion in n e m a t o d e popula t ion was not comparab le with soil t rcatmeni with 
ca rbo fu ran and a ldicarb . T h e decl ine in n e m a t o d e n u m b e r s was more in beds treated with ner ia tod- ' s . Tiie 
bui ld-up of nema tode popula t ion in soil w h e r e eggp lan t seedl ings raised f rom soil irc;ucd with ncm .- ;-!c]cs 
were t ransplan ted , w a s less than those f rom untrea ted soii . 
As a result o f s o i l solar izat ion toge ther wi th treated with o i l -cakes /nemai ic ides the >.;ro\\ili of plaius 
improved when c o m p a r e d with those o f unt rea ted ones . Tlie highest increase in plant w c i d u was o l i so! \cd 
in soiai ized soil a m e n d e d with naein cake fo l lowed by solar ized soil treated wi'.h mustard ;ind casu.r 
The two nemat ic ides . h o w e v e r , had a sl ight edge ove r mus ta rd and castor cakes. 
D I S C U S S I O N 
Soil mu lch ing with po ly thene sheets in c o m b i n a t i o n with oi l -cakes and nemat ic ides vvas eft- . ' .no n 
reduc ing n e m a t o d e popula t ion and improv ing the plant g rowth . 
T h e soil m u l c h i n g with po ly thene shee t s resul ts in increase in soil t empera tu re for severa l hours 
dur ing t h e day and r educe heat convec t ion and w a t e r evapora t ion . It is repor ted that t e m p e r a t u r e under t he 
po ly thene sheets g o e s as h igh as and the wet heat at this t empera ture is sufTicient to kill t he nema todes 
(Grinstein el al., 1979; Ka tan , I 9 8 l a , b ; A b d e l - R a h i m et al.. 1988). l l i e possibi l i ty o f the a c c o m p a n y i n g 
process such a§ c h a n g e s in phys ica l , c h e m i c a l and b io logica l proper t ies of the soil du r ing soil .solarization 
(S tap le ton , 1991), adve r se ly a f f ec t i ng the n e m a t o d e s can not be ruled out (Hea ld a.-.s! i ' .obinson. 19557; 
Staple ton and Devay . 1983: Staple ton ei al.. 1991). H is obv ious that incica.so in plant • vth could tx- .r 
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part due to a reduction in nematode numbers (Alam el al.. 1977). It is also likely that kill of the nematodes 
increases nitrogen level in soil as in nematode treated soil as in nematode treated soil (Khan el al., 1974). 
This could be one of the factors in improvement of plant growth. 
Table I: Effect of soil solarization integrated with oil-seed cakes/nematicides on the plant growth of eggplant 
cv. 'Pusa Purple Long' where seedlings were raised in carbofuran treated soil and in untreated soil 
Treatments 
Plant weight (g) 
Solarized (S) Non-solarized (N) 
Shoot Root Total Shoot Root Total 
Untreated 45.30 15.00 60.30 37.70 14.10 51.80 
(42.00) (13.30) (55.30) (34.00) (11.80) (45.80) 
Compost 50.00 18.40 68.40 42.20 16.00 58.20 
(46.10) (15.90) (62.00) (39.20) (13.00) (52.20) 
Neem cake 135.30 23.30 158.60 112.80 19.20^ 132.00 
(200 kg/ha) (120.30) (20.40) (140.70) (98.50) (15.90) (114.40) 
Neem cakc 138.40 25.50 163.90 114.60 23.40 138.00 
(400 kg/Iia) (110.00) (23.30) (132.30) (103.70) (20.50) (124.20) 
Castor cake 75.30 20.10 95.40 70.30 17.10- 87.40 
(200 kg/ha) (69.00) (18.20) (87.20) (61.70) (13.40) (75.10) 
Castor cake 85.50 20.00 105,50 74.60 17.00 91.60 
(400 kg/ha) (74.30) (19.00) (93.30) • (69.40) (16.00) (85.40) • 
Mustard cake 100.00 17.00 117.00 71.50 18.00 89,50 
(200 kg/ha) (75.40) (14.10) (89.50) (63.20) (15.90) (79.10) 
Mustard cake 80.50 23.30 103.80 75.10 16.30 91,40 
(400 kg/ha) (73 00) (22.00) (95.00) (67.00) (12.80) (79,80) 
Carbofuran 105.70 25.00 i 30.70 98.30 19.80 1 18,10 
(1 kga . i . / ha ) (101.00) (23.20) (124.20) (92.00) (17.30) (109,30) 
Aldicarb 123.20 26.70 149.90 101.20 24.30 125,50 
(1 kga . i . / ha ) (1 12.70) (21.60) (134.30) (94.10) (20.50) (114,60) 
C.D. (P=0.05) between treatment 5.128 6.969 
C.D. ( P = 0 . 0 I ) in treated soil 7.009 9,527 
C.D. (P=0.05) Between treatment 6.153 7.744 
in untreated soil 8.411 10,586 
Each value is an average of four replicates 
Figures in parentheses indicate the plant weight of eggplant.where seedlings were raised in untreated soil 
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SOIL SOLARIZATION FOR THE MANAGEMENT OF 
NEMATODE FAUNA AND SOIL MYCOFLORA 
MANSOOR A. SIDDIQUI', HISAMUDDIN^ and MOHD. IMRAN KHAN 
Section of Plant Pathology & Nematology, Department of Botany, 
Aligarh Muslim University, Aligarh-202002, India 
An experiment was carried out to evaluate the influence of 
solarization of soil when covered with polyethylene sheets of different 
thickness together with water. Highest reduction in the population of plant 
parasitic nematodes and fungi was determined at 60 p, thickness of 
polyethylene sheets. However, the effect of solarization of soil was decreased 
as the thickness of polyethylene sheet increased. Watered soil covered with 
polyethylene sheets during solarization had a better effect on the reduction 
of nematode population and fungi. 
Key words : Soil solarization, nematode, fungi, control. 
Soil-borne diseases are generally controlled by chemicals which have 
limited use by farmers because of being hazardous and involving high cost. Heat 
in various form has been used but again its use requires great skill (Baker, 1962). 
Solar heat has been used recently to reduce damage due to soil borne pathogens 
(Schippers and Gams, 1979; Katan et al, 1976; Aguilar et al., 1990; Abu 
Gharbieh et al., 1991a,b). The literature on soil solarization has been reviewed 
(Katan, 1980, 1981a,b; Ahronson and Katan, 1991; Siddiqui, 2005). This is the 
process involving tarping solar energy in the soil by covering the soil surface 
with polyethylene tarps (Heald and Stapleton, 1990; Stapleton, 1991; Stapleton 
et al, 1991). Soil solarization showed the best potential for reducing 
Meloidogyne spp. and other soil borne pathogens as it is easy to apply, pollution 
free, economical and in expensive (Calabretta et al., 1991a,b). In order to 
E-mail; mansoor_57@rediffmail.com, ^E-mail: hisamf3ar@hotmail.com 
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understand what actually happens in the soil as a result of solarization with 
respect to mycoflora and nematode, the present studies were undertaken. 
MATERIALS AND METHODS 
Naturally infested soil with high population of fungal mycoflora and 
nematode fauna was selected for the study. Studies were made during June 1996. 
The soil (1 kg) contained in 15 cm pot was covered with polyethylene sheets of 
different thickness viz., 60, 68, 74, 92, 130 and 135 |j.m. The pots not covered 
with sheets served as control. Half the number of pots in each of the above 
treatments were given irrigation as and when required. There were six replicates 
for each treatment. The soil temperature at mid day was determined daily by 
inserting the thermometer. The nematode population before and after the studies 
was determined by using Cobb 's sieving and decanting method alongwith 
modified Baermann funnels (Southey, 1986). Soil mycoflora was studied by 
soil-plate method (Parkinson, 1957) using sterilized potato dextrose rose bengal 
agar medium. The frequency of fungus was determined as suggested by McLean 
and Cook (1957). Fungal population in the soil was detennined by taking soil 
per transfer contained on a flattened tip of spatula and was expressed in numbers 
per gram of soil. Each was replicated by twenty times. 
RESULTS 
r h e results presented in Tables 1 and 2 clearly indicated that soil 
solarization considerably reduced the soil mycoflora and nematode fauna. The 
results indicated that there was no remarkable fluctuation in population of the 
407 
nematodes, in watered and unwatered soil when the soil was not covered with 
the polyethylene sheets. The population was found to be decreased in both the 
soils, covered with the sheets. Highest reduction was found in both the soils that 
were covered with sheets of 60 fim thickness. However , the reduction in 
nematode population was much higher (81%) in watered soil than in unwatered 
soil (74%). Two nematode genera viz., Hoplolaimiis and Helicotylenchm were 
not recovered from watered soil covered with polyethylene sheets of 60, 68 and 
74 )im thickness. While in unwatered soil Hoplolaimiis and Helicotylenchus 
could not survive only in the soil covered with 60 | im thick sheet. Reduction of 
these nematodes was much higher in the soil covered with 92, 130 and 135 jim 
thick polyethylene sheets in both watered and unwatered soil as compared to 
other nematodes. Highest reduction in the population of all the nematodes was 
obsers'ed in the soil covered with 60 |im thick polyethylene sheet. The reduction 
was higher in watered soil than in unwatered soil. The survival of the nematodes 
exhibited an increasing trend from 60 fim to 135 fim thickness. The soil 
temperature in unwatered and watered soil covered with 60 | im polyethylene 
sheet was 6 r C and 50°C. It decreased with increased thickness of sheet and it 
was least when thickness of sheet was 135 | im (48°C in unwatered and 45°C in 
watered soil). 
In all 46-fungal species belonging to 24-genera were isolated from 
control as well as solarized soil. The maximum number of species (44) was 
isolated from unwatered control set. The highest f requency of occurrence, 100% 
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was obtained for Aspergillus spp. i.e. A. flavus and A. niger for control 
unwatered and watered set respectively. The solarization together with mulching 
with polyethylene sheet not only reduce the total number of fungi but also the 
number of parasitic fomis. Highest reduction in numbers was observed when soil 
was covered with polyethylene sheet of 60 The frequency of most of the 
parasitic forms in the soil covered with polyethylene sheet of 60 fim remain low. 
As the thickness of polyethylene sheet increased the frequency of some parasitic 
form increased. However, it is not true with some of saprophytes especially with 
species of Aspergillus and Penicillium, which did not show any correlation in 
their frequency with the thickness of polyethylene sheet. 
There was hardly any difference in the number of parasitic forms 
recovered from the soil which was frequently irrigated and that not irrigated, but 
the total number of fungi (saprophytes as well as parasites) was higher in 
unwatered soil as compared to their counterpart (watered irrigated soil). 
DISCUSSION 
Soil solarization with different thickness of polyethylene sheets was 
very effect ive in reducing nematode and fungal populat ion in the soil. This could 
be due to the fact that soil covered with polyethylene sheets reduces the heat 
convection and water evaporation f rom the soil to the atmosphere results in the 
formation of water droplets in the inner surface of the polyethylene sheet, its 
transmissivity to long wave radiation is highly reduced resulting in better heating 
of the soil (Grinstein et ai, 1979; Katan, 1981; Abdel Rahim et al, 1988; Mazza 
etal, 1994; Reddy et al, 2001). 
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Water solarized sets increased the thermal sensitiveness of resting 
structures and transmission of heat to deeper layers which results in the 
eradication of most of the fungi and plant parasitic nematodes as compare to 
unwatered solarized soil (Chelleni et al, 1993; Ismail et al., 1997). The soil 
solarization also increases the temperature appreciably and the thinnest 
polyethylene sheet proves to be efficient to increase the temperature and better in 
heating, radiation and transmittance than the thicker one (Aguilar et al, 1990; 
Zaid etal, 1991; Siddiqui and Saxena, 1992; Ostree, 1993; Siddiqui et al, 1997, 
1998). 
Heating the dry soil was therefore, less effect ive in controlling the 
fungal and nematode population although the temperature recorded was much 
higher than watered soil. However, there was no impact of polyethylene 
solarization of soil on species of Aspergillus and Penicillium. This might be due 
to the fact that these fungi have the capability to survive higher temperature 
(Hellberg and Kolk, 1972; Lutey and Christensen, 1963; Gamliel and Stapleton, 
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PREFACE 
Soil solarization is a novel approach for the management of soi l borne 
plant pests, e.g. pathogens, weeds and arthropods. Eversince 
Grooshevoy, a Russian plant pathologist, got cue for soil disinfestat ion 
by means of solar energy as early as 1939, the subject has aroused much 
interest of the scientists. This kind of technology has found relevance to 
the present day scenario of environmental and health problems associ-
ated with the use of synthetic pesticides. 
The best method for capturing solar energy to heat the soil is by 
means of cover ing (tarping/mulching) the f ield with transparent polyeth-
ylene sheet. Summer fallowing is another practice for direct exposing the 
f ield to the sun, especially in the tropics. 
The present bibl iography is a comprehensive coverage of the subject . 
It inc ludes not only the aspect of management of plant diseases caused 
by fungi , bacteria, viruses and nematodes but also the management of 
weeds. Besides, references concerning the correlat ion of polyethylene 
mulch ing with soil temperature have also been included. We sincerely 
hope that the users of the bibl iography, be they students, teachers, 
sc ient is ts , or extension workers will find it highly useful. 
Mansoor A. Siddiqui 
M. Mashkoor Alam 
Brijesh K. Dwivedi 
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Effect of Disease complexes involving the 
Root-Uot Fungus, Rhizoctonia solani and 
Nematodes on the Gro^vth and water 
Absorption capability of Plants 
M A X S O O R A. S I D D I Q U I . A K H T A R H A S E E B AND 
M . M A S H K O O R A L A M 
ABSTR. \CT 
Root") of egzplant cv. Pum Purple Long, tomato cv. Ptisa Ruby, 
chilli cv. XP-46A and papaya cv. Ranchi Divarf were inocu-
lated with the fuiigu.^ andjor the test .species of the nernatod,?.s. 
Both the nematodes and the fungus sit^nificanthj reduced the 
plant groLLth when inoculated separately, however, a .<njnergis' 
tic e f f e c t was observed in plants inoculated with both the 
nrgani.',-ini. Similar trend was noted in case of tJ<? reduction 
in water absorption capability of roots. The praence of the 
fungus, an the other hand, had as antagonistic ejiect on the 
multiplication of the nematodes. 
I n t r o d u c t i o n 
V i r u s e s , b a c t e r i a a n d f u n g i a r e k n o v v n t o i n h i b i t w a t e r 
a b s o q i t i o n in p l a n t s ( J o h n s t o n a n d M i l l e r . 1934 ; B e v e r , 1937 ; 
S i m t n o n d s . 1 9 3 9 a n d S t u b b s , 1947). R e c e n t l y A l a m et al. 
(1974) , .Alam a n d S a x e n a ( 1 9 7 5 ) a n d I s m a i l a n c . \ l a i n •.19751 
h a \ e a lso r e p o r t e d t h e a d v e r s e e f f ec t of n e m a t o d e i n f e c t i o n o n 
t h e w a t e r a b s o q i t i o n c a p a b i l i t y of p l a r . t s . H o w e v e r , t h e r e is 
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a pauc i ty of information witli respect to t h e wa te r absorp t ion of 
p lan t s in relation to disease complexes involving nema todes 
a n d iungi . Hcnce , tlie p re sen t s tndy w a s unde r t aken . 
Mate r ia l s and Methods 
T h e specimens of tlie r e n i f o n n n e m a t o d e , Rotylcnchului 
renijonnis L in fo rd and Oliveira and the s tun t n e m a t o d e , Tylcii-
chorlujnclius bnimcae S idd iq i w e r e isolated f r o m the pure 
cu l tu re main ta ined in microplots . In case of t he root-knot 
n e m a t o d e , Meloidogyne incognita (Kofoid & Whi t e ) Cl . i twood 
f resh eggmasses were takeii o u t f rom t h e infec ted t o m a t o roots 
a n d the l a r \ a e ha tched f rom these e g u m a s s e s were used . T h e 
inocu lum o f the root-rot f u n g u s , Rhizoctonia .solani K u h n origi-
nally isolated f rom infec ted t o m a t o roots, w a s raised in Richard 's 
m e d i u m conta ined in E r l e n m e y e r flasks (Riker a n d Hiker, 
1936). T h e mycelial mats , r e m o v e d a f t e r 15 days w e r e used 
for inoculat ion. 
Three-week-o ld seedl ings of e g g p l a n t {Solaniim mclon-
gena L.) cv. Pusa Puq i l e L o n g , t o m a t o {Lycopersicon bjcoper-
sicum i'L.) Karsten) cv. Pusa R u b y , Chi l l i (Ccipsicinn (dinuum 
L.) cv. \ ' P - 4 6 A and p a p a y a (Carica papaya L.) cv. Rauchi 
D w a r f , raised in steril ized soil, w e r e t r ansp l an t ed in 15 c m 
clay pots con ta in ing 1 kg s ter i l ized m i x t u r e of soil : sand i 
c o m p o s t ( 7 : 2 : 1 ) . These seed l ings w e r e inocula ted wi th 1000 
spec imens of t he nema tode a n d / o r 1 g m y c e l i u m of the fui-gus. 
Un inocu la t ed plants serx'ed as cont ro l . Each t r e a t m e n t was 
rep l ica ted thrice. After 60 d a y s of inocu la t ion the p l an t s were 
u p r o o t e d a n d washed gent ly . T h e s e p l a n t s were p l a c e d singh' 
in 250 ml Er lenmeyer flasks con t a in ing k n o w n a m o u n t of v. a ter 
w i t h the suppor t of cot ton p lugs . F l a s k s hav ing only cotton 
p lugs and wa t e r ser\ 'ed as control . A f t e r 24 hours t h e remain-
ing quan t i t y of water was w e i g h e d . A m o u n t of w a t e r lost 
f r o m die control flasks was t a k e n as w a t e r lost by evapora t ion 
a n d was d e d u c t e d f rom tlie a m o u n t of w a t e r lost f r o m other 
flasks a n d thus the a m o u n t of w a t e r a b s o r b e d by t h e roots 
w a s d e t e r m i n e d . Weigh t s of p lan t s a n d the final popu la t i on 
of n e m a t o d e s w e r e also d e t e r m i n e d . T h e root-knot index, in 
ca se of p lants in fec ted wi th Meloidogyne incognita w a s ra ted 
as : l = : n o gal l ing, 2 = l ight gal l ing, 3 = m o d e r a t e ga l l ing . 4 = 
h e a v y gall ing, 5 = severe gal l ing. 
- 4 9 8 -
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H E R O O T - K N O T N E M A T O D E ( M E L O I O O C Y N E I N C O C . N I T A ) 
111 eggplant, the wciglU of p lan t inoculated with fnngus 
F;, nematode 'X) and fun"i>s-t-oematodr: / F - f N ' was 11.80 c , 
d 5 'j; and 6.80 g respectively as against 14.9-5 g in uninocula-
ed control. Tlic cor responding figures for w a t e r absorbed by 
)!aiils were 11.00 g. 5.10 g and 4.S5 g as against 12.50 'z in 
oiitroi. Root-knot inde.x in F - f X was o.OO as against 4.00 
n X. Final [jopuhUiou of the nenia tode in F - r X was 19o3 
is against 4.5G1 in X (Table IV 
In tomato, the weight of p lan ts in F, X and F-r-X was 
i.0-1 g. ;3.S5 ,111(1 3.-50 g respecti \eK- as agains t 10.60 g in 
ininociihitcd control T h e corresponding figures for water 
ihsorbed h\' jilaids \\-ere 5.65 g, 4.50 'S and 2."20 g as a ' iainst 
r . l 5 g in control. Root-knot intlc.x in F-i-X was 3.50 as against 
}.0() in X. Final popula t ion of the nematode in F - r X was 1931 
as against 2831 in X (Table 1). 
In chilli, tlie weight of p lan t in F, X and F —X was 
2.65 g, 1.75 g .aid 1.60 g respecti\-el\ ' as agains t 2.95 g in 
uninocula ted control. T h e cor responding figures for v.'ater 
ai^sorbed by plants w e r e 1.60 g, 0.7G g and 0.60 g as against 
3.40 g in control. I \oot-knot inde.\ in plants inoculatc-d with 
F - r X was 3.00 as agains t 4.00 iu X. Final popula t ion of the 
nematode in F-i-X was 2023 as agains t 4031 iu X (Table 1 . 
In p a p a \ a . similar t rend was o b s e n e d w h e r e the weiglit 
of plant F, X and F - ^ X was 15.25 g, 11.50 g ar.d 5.70 g res-
pectiveK' as auamst 20.10 g in unii iocuiated pl.uUs. Ti.c cor-
r i ' soonding figures lor wate r a b s o r b e d !;v p lants were 5.30 
J.20 g and 4.13 ^ as against 7.00 g iii uninoc.ii . i teu c'';\:\v<}'.. 
Ri)0t-k\K)t index in p lan ts i r .ocuiated v.ith F - r X was 2.50 .ls 
a.'iainst 4.00 in .V. Final popu la t ion of tl:e n e m a t o d e i;; F —X 
\v.is 38S as against SOI in X (Tab le L. 
TiiE R E N T F O P . N ! X C M A T O D E ( R O T V E E X C H ' M . ' S R r . X R R O R M : ? 
In eggpla:.t . the weight of p l an t inoculated witi"; fin.gus 
(Ft, nema tode .X) and f u n g u s - f n e m a t o d e ( F - f X ' was 19.10 g, 
17.35 g and 15.00 g respect ively as against 23.75 g ir. unino-
cula ted control. T h e co r r e spond ing figures for \>.-ater absorbed 
bv plants were 12.50 g, 9.95 g a n d 8.S5 g agains t 19.90 in 
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control . F"i!i;il popiil .ition of llu; nc ina toclc in F + X w a s 521 
as against 2035 in X ( T a b l e 2). 
Ill t( jniato, the w e i g h t of j i lant in F , N a n d F - f X v.as 
12.40 2, 8.So g and (i.(i5 g as aga ins t lo .20 g in u n i n o c n l a t c d 
cnntrol T h e corrcspoiHlii^g f igures fo r w a t e r a b s o r b e d by 
p lants were 4.20 -55 g . and 2.65 g as against 5.00 g in 
control FP.U;! j iopnhi t ion of the n e m a t o d e in F + X w a s 4>5 
as aea ins t 2217 in X ( T a b l e 2). 
In chilli, t h e weight of ph»nt in F . X and F + X w a s 2.10 g, 
1.70 rnid 1.40 g resj-)ecti\ cl\ ' a.s aga in s t 2.95 u in u n i n o c n l a t e d 
control . Ti,<' c o r r e s p o n d i n g (ignres fo r w a t e r abso r l i ed V/. 
pLinl^- \\;-u- 2.66 g. 1.66 g and 1.60 g as against -3.10 u in 
conln,! . Fi;.,:! [K)i)iilation of the n e m a t o d e in F + X was 3S5 
as ai;;.ihs; 714 in X "I 'able 2V 
111 [laji.y.a. similar t r e n d was f )bser \ ' cd wlici'e t i ie wei ' j i . t 
of pl.uit i)i F. X and F + X was 26.27 g. 15.25 g a n d 14.40 g 
respecti\-c!\ as against .36.50 g in u n i n o c n l a t c d con t ro l . TliC 
correspoi ,di ; ;g figures for u ' a t e r a b s o r b e d b \ ' p lants w e r e 4.15 g. 
2.65 g ant! 2.05 g as ag . i ins t 5.35 g in control . F i n a l ])opu:a-
tion of the n e m a t o d e in F + X was 336 as aga ins t 370 ir. X 
T a b l e 2. 
T H K S T I ' M Xi:MATOi)[; (TVLEXCHOHHV.XCHUS BIUSSIC.M; ' 
I:. e ' j :-:/!ant, the w e i g h t of p l a n t inocu la ted w i t h furig'.is 
F;. i .ernatoc'e (X.i and f u n g u s + n e m a t o d e ;'F + X) w a s 5.30 g. 
4.00 g and 3.40 g respec t ive ly as a g a i n s t S.70 g in nninocuL:-
ted cvatrol . T h e c o r r e s p o n d i n g figures fo r wa te r a b s o r b e d ir-
i)larit= u ( r v 13.40 g. 11.60 g and S.20 g as aga ins t 16.00 ^ 
C(;ntr:\. i-^::,,;! p()[;-:lation of the n e m a t o d e in F + X was l . - O 
as a c - n s t 2 5SO in X ( T a b l e 3). 
Iv. to!r,,.,to. the wcig l i t of p l an t in F, X a n d F + X w:,; 
10.15 g. 7.(;5 g a.iicl 5.10 g r e s p e c t i \ e l \ ' as aga ins t 14.70 g i ' : 
"uninrculatc';; control . T h e c o r r e s p o n d i n g figures fo r wa te r 
ab so rbed b;. p lan t s w e r e 6 .00 g, 3 .00 g a n d 2.00 g as agi i i . s t 
6.95 g in coii trol . F ina l p o p u l a t i o n of t h e n e m a t o d e in F —X 
\\-as ISSO as agaii ist 2760 in N ( T a b l e oi. 
l a chilii . the w e i g h t of p l a n t in F , X a n d F + X was 
3.40 g, 2.35 g and 1.90 g r e spec t i ve ly as aga ins t 3.90 g in 
u n i n o c u l a t e d control . T h e c o r r e s p o n d i n g figures f o r w a t e r 
a b s o r b e d b \ p l an t s w e r e 2 .00 g, 0 .70 g and 0.30 g as agaiiist 
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2.30 g ill control . F ina l p o p u l a t i o n of t he n e m a t o d e in F + N 
was 1610 a.s agains t 2360 in N. (Tab le 3). 
In papaya , tlie we igh t of p l an t in F , N and F + N was 
16.80 g, 13.80 g and 11.90 g respect ively as against 22.40 g in 
uninocula ted control . T h e c o r r e s p o n d i n g figures for water 
ibsor l jcd by p lan ts w e r e 5 .50 g, 3.S5 g a n d 2.20 g as agai:,st 
7.00 g in control . F inal p o p u l a t i o n of t he n e m a t o d e in F — X 
,\as 1965 as against 2590 in N (Tab le 3). 
Discussion 
It is clear f rom tiic resul ts preser . ted above and in Tables 
i—3 tliat tlie growtli of p lan t s w a s ad\-ersely eft 'ected wlien 
nocula ted with tlie root-rot f u n g u s (Rhizocioniii ^olanit or 
•ither of the root-knot n e m a t o d e {Meloidogijne incognita], the 
en i form n e m a t o d e {Rotijlenchulus renijornm) and t h e stunt 
lematode {Tylenchorhynchtis hrassicae). T h e p l an t d a m a g e 
)ecame more p r o n o u n c e d w h e n t h e f u n g u s v.-p.s inocula ted 
longwitl i e i ther of the test species of t he nematodes . These 
•athogens also adverse ly e f fec ted w a t e r absorp t ion in plants, 
"urther, it was also obse rved t h a t t h e r educ t i on in p l a n t weight 
• as directly cor re la ted to t h e r e d u c t i o n in wate r absorpt ion , 
t is r epor ted tha t the p o o r a b s o r p t i o n of wa te r b>- p lan t s in-
ecied with f u n g i and n e m a t o d e s is d u e to injury in roots or 
lie to de fo rma t ion , chock ing or d i s rup t ion in the a r r a n g e m e n t 
f t rachear \ ' e l emen t s ( S u b r a m a n i a n a n d Saraswath i De- i. 
959 ; Alam et al, 1974 ; A lam a n d Saxena , 1975 a n d Isrri..il 
nd Alam, 1975). Tiiese possibi l i t ies can not be r u l e d out ;:i 
le p resen t s tudy . T h e roo t we igh t was reduced in infected 
lauts. In this way , total s u r f a c e a rea of roots w a s also re-
nced. This ma \ ' b e the a n o t h e r r e a s o n by which t h e wate r 
^sorpt ion capabi l i ty of roo t s was impa i r ed . Absorp t ion of 
a te r b y roots is also indi rec t ly r e l a t ed to the t r ansp i ra t ion of 
a t e r f rom the leaf . T h e d e c r e a s e d shoo t g rowth w i t h r educed 
af a rea in i n f ec t ed p lan ts m i g h t h a v e resu l ted in p o o r trariS-
rat ion of w a t e r and c o n s e q u e n t l y in poor wa te r absorp t ion 
/ roots. 
T h e s e s tudies also revea l t h a t g r o w t h of the n e m a t o d e was 
lecked by the fungus- T h i s is c lear b y t h e r e d u c t i o n in the 
lal popu la t ion of the tes t species of t h e n e m a t o d e s a n d the 
o t -knot index in case of Meloidogijne incognita. These 
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166 rf.AXT PATHOGENS IN T H E HOST 
resu l t s a r c in accordanct ; wi t i i t l iosc of J a m e s (1966) a n d Ke tu -
d a t (1969). E v e n though t h e fiuij^us w a s a n t a g o n i s t i c to t h e 
n e m a t o d e s , tlie dama^^e of p l a n t s w a s n io rg wlien b o t h the or-
g a n i s m s w e r e concomi tan t . T h i s is u n d e r s t a n d a b l e b e c a u s e 
l)f)lh tlic pa l i iogcns had t h e i r o w n s h a r e wliilc d a m a g i n g tlie 
phiiits. 
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Combined Effect of Two Nematodes and a Fungus on the 
Growth and Water Absorption Capability of Okra 
M ANSO OR A. SIDDIQUI, AKHTAR HASEEB* and M. MASHK.OOR .ALAM, 
Department of Botany, Aligarh Muslim University, Aligarh-202 002, India. 
ABSTRACT 
Both the test nematodes viz. Mtloidogync incognita and RoiyUnchidus. Ttniformis ^ d the root-rot fungua, 
Rhizoctonia solani significantly reduccd the plant growth when inoculated jeparately, however, the reduction 
was more pronounced in plants inooJated with the fungus along with cither of the nematode. Similar Uend 
was noted in case of the reduction in water absorption capability- of roots. The nematode multiplication was, 
however, retarded by the presence of the fungus. 
Fungi, bacteria and viruses are knowni to adversely affect the water absorption capa-
bility in plants (Johnston and Miller, 1934, Simmonds, 1939 and Stubbs, 1947). Recent 
findings of Alam et al. (1974) and Ismail and Alam (1975) also points to a similar effect 
on water absorption capability in nematode infected plants. However, there is paucity' of 
information about the water absorption capability of plants where nematodes and fungi 
are involved. Hence, the present study was undertaken. 
MATERIALS AND METHODS 
In case of the root-knot nematode, Meloidogyne incognita fresh eggmasses were obtained 
from infected tomato roots and the larvae hatched from these eggmasses served as ino-
culum. For the reniform nematode, RotyUnchulus reniforntis the specimens were isolated 
from the pure culture maintained in microplots. The inoculum of the root-rot fungus, 
Rkizoctonia solani originally isolated from infected tomato roots, was raised in Richard's 
liquid medium contained in Erlenmyer flasks (Riker & Riker, 1936). The mycelial mats, 
removed after 15 days were used for inoculation. 
Seeds of okra {Abdmosckus ejcuUntus) were SOWTI in 15 cm pots containing 1 kg sterili-
zed soil-manure mi.Kture. .After 3 weeks the seedlings were inoculated with 1000 specimens 
of either of the nematode and/or 1 g mycelium of the fungus. Uninoculated plants serv'ed 
as coatrol. Each treatment was replicated three times. After 60 days of inoculation 
the plants were uprooted and washed gently. These plants were placed singly in 250 ml 
Erleiimeyer flasks containing known amount of water with the supp>ort of cotton plugs. 
Flasks having only cotton plugs and water served as control. After 24 hours the remain-
ing quantity of water was weighed. Amount of water lost from the control flasks vvas taken 
as water lost by evaporation and was deducted from the amount of water lost from other 
flasks and thus the amount of \s-ater absorbed by the roots was determined. \Veights of 
the plants and the final population of the nematodes were also determined. T h e root-
knot index in case of plants infected with Meloidogyne incognita was rated on a 0-5 scale 
(Taylor and Sasser, 1978). 
•Present address : Central Institute of Medicinal & Aromatic plants (CIMAP-CSIR) , P.O. R.S,NC Nagar, 
Lucknow-226 016, India. 
Accepted for Publication January 20, 1937. 
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R E S U L T S 
T h e p l a n t g r o w t h o f okra w a s r e d u c e d b y b o t h t l ic s p e c i e s o f n e m a t o d e s a n d the r o o t -
r o i f u n g u s t e s t e d ( T a b l e s 1 , 2 ) . T h e r o o t - r o t f u n g u s , RMzocUmia solani a l o n e b r o u g h t 
a b o u t 8 . 8 8 % r e d u c t i o n in t h e fresh w e i g h t o f okra p l a n t s o v e r u n i n o c u l a t e d contro l . T l i c 
r o o t - k n o t n e m a t o d e , Meloidogyne incognita c a u s e d 3 5 . 5 5 % r e d u c t i o n a n d t h a t o f t h e ren i -
Table 1. Effect of Mtaiiogyne incognita and Rhizodania salmi o n the growth and vt-ater absorption 
capability of Okra cv . Pusa Sawani i n pots. 
Treatments 
Fresh weight (g) Diy weight (g) 
Shoot Root Total Shoot Root Total 
\Vater Final population of Root-
absorhcd nematode larvae knot 
by per pot index 
plants 





L. S. D. at 5% lead 





18.00 3 .20 1.10 
16.40 2 .80 1.00 
(8.88) 







8.90 1.70 0.60 2.30 4 .00 
(50.55) (46.51) (73.50) 
3.18 1.22 2.69 









Each value is an average of three replicates. 
In paranthesis are given per cent reduction over uninoculated control. 
Table 2. Effect of RotyUnchulus renifonms and RhizocUmia solmi o n the growth a n d water absort ion 
capabj i ty of okra cv. P o s a Sawani in pots-
Treatments 
Fresh weight (g) Dry weight (g) 
Shoot Root Total Shoot Root 
Water Final population of 
absorbed nematode per po t 
by plants 
Total (g) Soil Root Total 
Uninoculated 13.50 
Fungus alone 13.30 
Nematode alone 10.50 
Ncmatode+ Fungus 7.00 























4 .30 15.10 -
3 .80 14.00 _ — — 
(11.62^ (7.28) 
3 .40 8.00 
(20.93) (47.01) 












Each value L> an average of three replicates. 




form nematode, RotyUnchulus reniformis 14.44%. There was further reduction in plant 
weight when both nematode and fungus were present. It was 50.55% in ease of M. 
iticogtiila + R. solani complex and 43.83% in R. reniformis + R. solani complex. Similar 
trend was noted in case of dry weight of okra plants. The reduction in plant weight M'as 
found correlated with the reduction in water absorption capability of okra roots. Fungus 
alone caused 7.28% reduction in water absorption which was increased to 73.50% when 
the fungus was inoculated along with M. incognita and 60.26% when it was inoculated 
along with R. reniformis. M. iticognila alone could inhibited the water absorption by 
51.65% and that of R. reniformis 47.01 %. Tl\ur, the results indicate that both the nema-
todes causcd greater domage to plants and more inhibition in water absorption than the 
fungus. Moreover, in combined inoculations the nematode multiplication was found 
adversely affected by ilie presence of the fungus. 
DISCUSSION 
Results presented in Tables 1-2 clearly indicate that the plant growth of okra iva? 
•idvcrscly afTectcd when inoculated with the root-rot fungus or either of the nematode. 
The combined effect of the fungus with cither of the nematode species was more pronoun-
ced on the plants. A similar trend was noticed with respect to the inhibition in water 
absorption capability of roots. It is reported that the poor water absorption by plants 
infected with fungi and nematodes is due to injury in roots or due to deformation, chock-
ing or disruption in the arrangement of tracheary elements (Subramanian and Saras\fvathi-
De\-i, l959;Endo, 1971-, Ssvami and Kvishnanvurthy, 1971-, Alametai . , 1974; and Ismail 
and Alam, 1975). These possibilities can not be ruled out in the present case. The root 
grovs-th was poor in infected plants. In this way, total surface area of roots was also redu-
ced. This may be the another reason by which the water absorption was retarded. 
The results also indicate that nematode multiplication and root-knot development 
was retarded by the presence of tlie fungus. These results are in accordance with those 
of James (1966), and Ketudat (1969). Even though the fungus was antagonistic to the 
nematodes, the plant damage was more when both the pathogens were concomitant. Tliis 
is understandable because both the organisms had their own share while damaging the 
plants. 
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C O M P A R A T I V E STUDY OF THE EFFECT OF INOCULATING PIGEON PEA 
S E E D L I N G S WITH ROOT-KNOT, RENIFORM A N D CYST N E M A T O D E S O N 
WATER ABSORPTION CAPABILITY, POLLEN FERTILITY AND GROWTH OF 
P L A N T S 
M A N S O O R A. S I D D I Q U I A N D S. K. S A X E N A 
Department of Botany, Aligarit Muslim University, Aligarh-202002 
I N T R O D U C T I O N 
Pigeon pea {Cajanus cajan L ) has been found to be damaged by the root-knot, 
reniform and cyst nematodes in India (Koshy & Swarup, 1971; Janarthanan, 1972; Bhatti 
& Gupta , 1973; Verraa & Yadav, i975). These nematodes have been reported as establi-
shed pathogens of pigeon pea. Although considerable work has been carried out on the 
pathogenicity of these nematodes but no information is available on water absorption and 
pollen fertility as influenced by these nematodes . Hence, in the present investigations, 
attempts have been made to determine the effect of different population levels of the 
three nematodes separately on growth, water absorption capability and pollen fertility in 
pigeon pea. 
M A T E R I A L S A N D M E T H O D S 
Seeds of pigeon pea c\ locals having surface sterilized with 0.1% n^ercuric chloride 
and washed injdistiiled water were sown in 1 kg autoclaved soil : sand : compost ( 7 : 2 : I) 
mixture conta ined in 15 cm ciay pois. After germination, thinning was done and only 
one seedl ing was maintained in each pot. After two weeks of sowing, seedlings were 
inoculated with 10, 100 and 1000 specimens of the reniform nematode, Polylenchulus reni-
Jormis Linford & Oliveira anci 2nd stage juveniles of the rooi-knot nematode, Meloidogym 
incognita (Kofo id & White) Cliitwood, the pigeon pea cyst nematode, Heterodera cajar i 
Koshy ( incubated at 29 ± r C ) separately. Uninoculated pots served as control. Each 
treatment was replicated six times. 
A t the flowering stage, 15-20 flowers from cach plant were taken and the pollen 
fertility was estimated using stainability of pol len grains in 1% acetocarmine solution. 
pQllcn grains which took up stain and had a regular out line were considered as fertile 
while those which were empty, without stain and had irregular shape, were considered as 
sterile (Brown, 1949). 
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Three months after sowing the plants were uprooted, washed gently and water 
absorption capability of roots was determined by the method followed by Alam et al. 
(1974). The nematodes were isolated by using Cobb's sieving and decanting teachniquc 
(Southey, 1986) and cysts were extracted using Fcnwick can method (1940). The root-
knot index was rated on 0-5 scale (Taylor & Sasser, 1978). The growth parameters includ-
ing plant length and weight of both shoot and root and pod weight weie also determined. 
RESULTS 
Results presented in tables (1-3) clearly indicate that the pigeon pea was susce-
ptible to all the three nematode species viz., H. cajani, M. incognita and R. reniforntix, 
The growth of plants as determined in terms of length and weight was significantly 
reduced at all the inoculum levels. An increase in initial inoculum level of nematodes 
resulted in corresponding decrease in plant growth. Highest reduction in plant weight 
was observed in plant inoculated with H. cajani followed by M. incognita and R. renifor-
niis (Table 1-3). Similar trend was also found in case of pod weight. These pathogens 
also adversely influenced water absorption capability and pollen fertility. Reduction in 
plant growth was directly correlated to the reduction in water absorption and pollen 
fertility. Highest reduction in water absorption and pollen fertility was noted in plants 
inoculated with H. cajani followed by M. incognita and R. reniformis. Of the three nema-
tode species H. cajani appeared to be more damaging to pigeon pea a n d r e m / o r w j / s ' 
the least (Tables 1-3). 
DISCUSSION 
W a t e r a b s o r p t i o n 
Increase in nematode population and subsequent reduction in plant growth chara-
cters including pod weight or other manifestations of pathogenic effects arc directly 
influenced by initial density of nematode in soil (Wallace, 196 '; Oostenbrink, 1966). The 
decrease in water absorption in the present findings may be due to destruction of root 
system with nematode population. Nematode feeding and migration activities injured 
root tissues and altered root growth (Meon e / a / , 1978). Injury to root tissue results in 
anatomical changes which might be affecting water absorption and transport of minerals 
(Kotcon & Loria, 1986; Wilcox & Loria, 1986; Trudgill & Cotes. 1983). Nematode feeding 
and, in some cases, intra migration of nematodes damage the epidermis, cortex and/ 
or stelar elements. Physical interruption of the transpiration stream may result in embo-
lism (Zimmerman & McDonough, 1978) and resultant dysfunction of the affected vascular 
system (Shafiee & Jenkins, 1963), For instance, specics of Meloidogyne cause giant cell 
formation in the stele resulting in extensive disruption of the xylcm (Bird, 1974; Meon 
et al., 1978). Host response to nematode parasitism may also reduce the permeability of 
the root to water (Bird, 1974). 
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Pol len f e r t i l i t y 
In case of pollen fertility, H. cajani exhibited highest adverse effect than 
M. incognita, and R. reniformis. The reduction might be due to certain abnormal changes 
in the host physiology in response to nematode infection. Orion & Minz (1969) pointed 
out that production of ethylene due to nematode infection brought about certain changes 
in plants like reduction in height. 
On the other hand, Jones (1981) reported that M. incognita and R. reniformis 
interfered with water uptake and minerals from soil due to certain cytoplasmic changes. 
It is likely that these changes might be affecting the pollen fertility. 
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I N F L U E N C E O F Y E L L O W V E I N M O S A I C V I R U S O F O K R A O N T H E I N C I D E N C E 
O F R H I Z O S P H E R E F U N G I A N D N E M A T O D E S U N D E R T W O T I L L A G E R E G I M E S 
M. ATIQUE A. KHAN*, MANSOOR A. SIDDIQUI AND M. MASHKOOR ALAM 
Department of Botany, AligarhMuslim University, Aligarh • 202 002. 
'Imperial College, SilwoodPark, Ascot, Berks SL5 7PY. U K. 
(Accepted February, 1989). 
Higher number of fungal species and populalion was observ ed in the rhi /xispheie o! okra plants infectal v. iih yellow vein mosaic virus 
(YVMV)incompar isonlo the i rhea l thy counterparts. Deep ploughing (40 cm deep of soil) had an advei-scel fect on fungal species and p-jptilaiion 
as MJmpared to normal ploughing (20 cm deep) of soil. Qualitative differences also existed in the diseased and healthy plants as w. ell as deep 
and normal ploughing treatments. Similarly, diseased plants harboured more phytoncmatodes than healthy ones; and deep ploughing 
brought about considerable decrease in the population of plant parasitic nematodes as compared to normal ploughing treatmenL However, no 
qualitative difference was found in case of nemaiodes. Plant growth was retarded in YVMV infected plants. But ihe deep ploughing 
brought about significant improvement in plant growth. 
Key words : Yellow vein mosaic virus, riiizosphere fungi, nematodes, okra, ccolopcdl ruUionship, 
Effect of virus infection on the rhizosphere 
mycofiora has recently attracted attention of a number 
of workers. Mishra & Kamal (1970) and Mishra et 
al. (1970) encountered higher fungal population in 
the rhizosphere of healthy plants than their diseased 
counterparts. On the other hand a reverse trend was 
observed by Singh (1972) and Gangawane & Deshpande 
(1973). However, there is no report as to what happens 
to the natural population of nematodes in the 
rhizosphere of virus infected plants. In the pre.seni 
study, therefore, an attempt has been made to inves-
tigate the effect of yellow vein mosaic vii 'ts (VVM Vj 
of okra on the ecology of rhizosphere fungi and 
nemato<ics as influenced by two types of ploughings. 
MATERIALS & METHODS 
A selected plot was divided into beds of 1 m^ 
size, each separated with a 0.5 m wide buffer area. 
Ten beds were ploughed at a norma! depth of 20 cm 
whereas equal number of beds received deep plough-
ing (40 cm deep). The desired tilllh in different beds 
was maintained with the help of hoc and measured 
by a metallic scale. Tliese beds were arranged in 
a random manner and were given ammonium sul-
phate at the rale of 110 kg N/ha. Later seeds of okra 
{Abelmoschus esculentus (L.) Mocnch.) were .>;ovvn. 
When some plants started showing the sympionis of 
yellow vein mosaic virus (YVMV), ail the plaius 
were sprayed with 0.033% solution of phosphatni-
don/Dimccron-iOO (2-chloro-2-,(dicihylcarhamoyl)-1-
methylvinyl dimethyl phosphate) so as to kill the 
insect vector (white flies) of the virus. Subsequent 
sprays were done periodically to ensure that the virus 
does not inflict the healthy plants. In both types of 
beds (normal/deep ploughed) healthy as well as 
virus infected plants were randomly selected and 
were covered with wire-net cages. Other plants were 
r e m o v e d f r o m t h e n e a r v i c i n i t y o f t h e r a n d o m l y 
s e l e c t e d p l a n t s b e f o r e c o v e r i n g w i t h c a g e s . V i n i s -
i n f c c t e d a n d h e a l t h y p l a n t s f r o m b o t h the t r c a tmcn t -S 
o f p l o u g h i n g w e r e u p r o o t e d a f t e r 6 0 d a y s o f s o w i n g 
w i i h t l i e i r roiois a d i i e r i n g w i t h s o i l a n d b r o u g h t t o t i ie 
l a b o r a t o r y in s t e r i l i / e d c o n t a i n e r s . F u n g i f r o m tJie 
r h i z o s p h e r e s o i l w e r e i s o l a t e d f o l l o w i n g the s o i l p l a t e 
n i c i h o d o f P a r k i n s o n ( 1 9 5 7 ) b y u s i n g the d e . x i r o s e -
peptone-rose bengal-agar. For each treaimeni 20 
pe ,a - ip l a t e s w e r e e m p l o y e d . P e t r i p l a t e s w e r e i n c u b a t e d 
at 25 ± 5°C temperature for a week and then the 
f u n g i w e r e i d e n i i f i e d a n d c o u n t e d . F r e q u e n c y o f 
occurrence the fungi was calculated by the follow-
i n g f o r m u l a : 
Number of -laies containing particular fungus ^ ^ ^ 
Tocil plales poured 
' a n c e o f d i f f e r e n t f u n g i w a s 
' m u l a s u g g e s t e d b y M c L e a n & 
R e l a t i v e a b 
c a l c u l a t e d b y t h e 
C o o k ( 1 9 5 7 ) . 
P o p u l a t i o n o f t h e f u n g i p e r g r a m o f s o i l w a s 
c a l c u l a t c d o n t h e b a s i s o f a v e r a g e d r y w e i g h t o f s o i l 
u s e d , p e r i n o e u l a t i o n o f t h e r h i z o s p h e r e s o i l . 
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Nematode population was determined by 
processing 200 g rhizosphere soil with the help of 
Cobb's Sieving & Decanting method along with 
modified Baermann funnel technique (Southey, 
1986). 
The growth of plants (length/weight of shoot and 
root) was also noted. 
RESULTS 
Rhizosphere mycoflora : In total, 24 species of fungi 
were isolated from the rhizosphere of healthy and 
diseased plants of okra (Table 2), out of which, 11 
and 8 species were obtained from the rhizosphere of 
healthy plants grown in normal and deep ploughed 
beds respectively, whereas 23 and 13 species were 
obtained from the rhizosphere of diseased plants grown 
in normal and deep ploughed beds respectively 
(Table 1). Thus it is abundantly clear that higher 
number of species were present in the rhizosphere of 
diseased plants than their healthy counterparts. In 
both the cases, the plants treated with deep ploughings 
harboured lower number of fungi in their rhizosphere 
in comparison to normal ploughings. Similarly, the 
populaton of fungi was higher in the rhizosphere of 
diseased plants than their healthy counterparts. The 
deep ploughing brought about a decrease in the 
population of fungi both in the rhizosphere of healthy 
and diseased plants in comparison to normal plough-
ing (Table 1). 
The fungi isolated from the field, could be 
categorised into seven groups (Table 1). Fungi 
belonging to the group Phycomycetes, Aspergilli and 
Mycelia Stcrilia were present in all the ueatments of 
both the healthy and diseased plants. However, 
Sphaeropsidales were absent only in normal plough-
ing of diseased plants, Dematiaceous Hyphomycetes 
only in deep ploughings and other Moniliales only 
in normal ploughings of healthy plants. Fusaria were 
present only in the normal ploughings of diseased 
plants. The number of species belonging to different 
groups remained unchanged in lx)th the ploughings 
in the rhizosphere of healthy plants except Aspergilli 
and Dematiaceous Hyphomycete.s which decreased in 
deep ploughings, and the other Moiuliales where reverse 
was true. The number of spccies in each category 
in diseased plants decreased from normal to dsep 
ploughings except Sphaeropsidales where there was 
an increase. On the other hand, there was no change 
in Mycelia Sterilia. 
Khan et al. 
Population of fungi (Table 1) of the.se groups 
also showed a varied pattern of changes. Phycomycetes 
and Sphaeropsidales increased from normal to deep 
ploughings in the rhizosphere of both healthy and 
diseased plants: however, a reverse trend \^ 'as observed 
in Aspergilli and Dematiaceous Hyphomycetes. The 
population of other Moniliales and Mycelia Sterilia 
increased from normal to deep ploughings in healthy 
plants, a reverse trend was observed in diseased 
plants. The population of Sphaeropsidales and Mycelia 
Sterilia was higher in both the treatments of healthy 
plants in comparison to diseased counterparts; how-
ever, reverse was true for Aspergilli and other 
Moniliales. On the other hand, rest of the groups 
did not show any definite pattern with respect to the 
virus disease of the plants. 
A perusal of Table 2 shows that qualitative 
differences existed in the rhizosphere of healthy and 
d i s e a s e d p l a n t s . Cunninghamella echinulata, 
Aspergillus terreus, A. nidulans, A. sulphureus, .4. 
Candidas, A. luchuensis, A. granulosis, Trichoderma 
viride, Botryotrichum sp. , Alternaria aliernala and 
Fusarium sp. were recorded from the rhizosphere of 
only diseased plants. However, rest of the fungi were 
common in both the rhizospheres. The nature of 
ploughings also brought about significant qualitative 
differences within the rhizosphere of healthy and 
diseased plants. In the ihizosphere of healthy planus, 
Aspergillus niger, Cladosporium elatum, Humicola 
nigriscens, Curvularia pallescens and Drechslera 
australiensis were restricted to only norma! plough-
ings; and Cephalosporium curtipes and Geotrichum 
candidum to only deep ploughings. However, in the 
rhizosphere of diseased plants, Cunninghamella 
echinulata, Aspergillus nidulans, A. sulphureus, A. 
candidus, A. luchuensis, A. granulosis, Botryotrichum 
sp . , Alternaria alternata. Curvularia pallescens, 
Drechslera australiensis a n d Fusarium sp . w e r e 
resuicied to normal ploughings; and Phoma glomerata 
to only deep ploughings. 
In the rhizosphere of healthy plants with normal 
ploughings Curvularia pallescens was the most 
dominant species exhibiting the highest frequency 
(80) and highest abundance (44.89) values. Other 
forms which have higher frequency values were 
Rhizopus oryzae, Phoma glomerata, Aspergillus 
fumigatus, A.flavus, A. niger, Drechslera australiensis 
and while sterile mycelium, however, lower abundance 
- 5 5 1 - -
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Table 1: Populalion aiid number of different groups of fungi isolated from the rtuzf>sphcre of hcajthy and diviased okra plants as influe.iccd by 
two types of ploughings. 
Different groups Number of species* Populalion* of fungi (per gram dry soil) 
of fungi Healthy plants Disca.scd plants l ieallhyplants Diseased plants 
NT DP N P DP NP DP N P DP 
Phycomycctes n 2 3 3999 4W9 3023 7062 
Sphaeropsidales 1 1 1 3842 6U/rj 1828 
AspergiUi 3 2 9 4 7920 4W9 55970 8786 
Fusaria 1 - 197 
Dematiaceous 1 iyphomycetes 4 5 26878 19002 8588 
Other Moniliaies 7 4 J \vm 22452 14573 
Mycel ias tenl ia 1 1 1 1 3999 sm 2878 1844 
Total 11 8 23 1 ^ 46638 33W7 103522 42681 
N P = Nonnal ploughing: D P = Deep ploughing. •Calculated on the basis of 20 rcplicales. 
Table 2: Frequency and abundanceof different fungi isolated from the rhi/xispherc of healthy and iscased okra plxnts as influenceJ by two types 
of ploughings. 
Fungi isolated Frequency* Abundance* 
Healthy plants Diseasedplants Healthy p lanis Diseased plants 
K P DP NP DP NT DP NT DP 
Thamnidium sp. 20 60 30 35 4.08 2.39 3.82 
R hizopus oryzae 40 40 5 50 4.0S 6,06 0.38 12.73 
Cunninghamella echinulata - 5 - 0.17 
Phoma glornerata 40 60 - 30 7.84 18.18 - 4,19 
Aspergillusfufnigatus 40 60 50 30 3.92 12.12 8.21 6.12 
A.flavus 40 20 40 40 4.OS 3 7.41 5,43 
.A. lerreus 25 1? 3,05 
A nidulans 10 - 0.54 
A - sulphureus 5 0.42 
.4 candudus 10 0.70 
A. niger 40 80 35 S.16 33.78 6,08 
,4. iuchuensis 5 0.35 
A. granulosis 5 0.19 
C ephalospor lunicurtipes SO 65 7< 3'J:'} 9,81 2675 
G&otrichiim candidum 20 40 - 6 ' ' i 7.61 4.44 
Trichoderma viruie 30 10 3.95 2.96 
Botryolrichum sp. - 10 4.81 
CladosportLun elatum 20 30 ?0 2.W 3.13 4.81 
//umicolanignscens 20 35 50 2.04 9.31 15.33 
Alternariaalternata 10 0.96 
Curvularia pallescerts 80 5 44.S9 0.17 
Drechslera australiensis 40 5 5.SS 0.17 
Fusarium^i. 5 0.19 
White sterile mycelium 60 60 10 35 8.16 15 15 2.81 4.32 
X P = Nomial ploughing: DP = Deep plougliing. "Calculated on the basis of 20 replicates. 
values were recorded for these forms; lower frequency 
and lower abaundancc values were recorded for rest 
of the fungi. Whereas in the deep ploughing treat-
ment, the most dominant fungi was Cephalosporiuni 
curtipcs (frequency = 80; abundance = 30.30). Phoma 
giomeraia, Aspergillus fumigatus and white sterile 
mycelium were the other forms exhibiting higher 
frequency and higher abundance values. Thamnidium 
sp. has higher frequency but lower abundance value. 
Rest of the fungi ho'^ever, have lower frequency and 
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lower abundance. On the other hand, in the rhizosphcre 
of diseased plants in normal ploughing, highest 
frequency (80) and highest abundance value was 
r e c o r d e d f o r Aspergillus niger. F o r m s l i k e Aspergillus 
flavus, Cephalosporium curtipes, Geotrichum candidum 
have higher frequency but lower abundance. The 
remaining forms have lower freuqency and lower 
abundance. Whereas in the deep ploughing highest 
abundance (26.75) was recorded for Cephalosporium 
curtipes. Rhizopus oryzae a n d Humicola nigriscens 
have higher frequency and higher abundance; how-
ever, rest of the fungi exhibited lower frequency and 
lower abundance values. 
Soil population of nematodes : T h e p o p u l a t i o n o f p lant 
parasitic nematodes was also influenced greatly by 
the ploughing treatment as well as by the diseased 
condition of okra plants. The rate of muUipIication 
o f a l l the n e m a t o d e s p e c i e s v i z . , Hoplolaimus indicus, 
Helicotylenchus indicus. Rotylenchulus reniformis, 
Tylenchorhynchus brassicae, Tylenchus fdiformis, 
Meloidogyne incognita a n d tlemicriconemoides 
mangiferae was higher around diseased plants in both 
the ploughings. However, deep ploughing suppres-
sed the nematode population to some extent (Table 
3). 
Table 3: Soil population of plant parasitic nematodes aioun'l the 
roots of healthy and diseased oloa plants as influenced by two 
types of ploughings. 
Nematodes Population* of nematodes 
per 200 g soil 
He^iUhy phinis Disc.ised plants 
NT DP NP DP 
HoploUjtmus iridic us 202 140 340 236 
Helicotylenchus injicus 96 56 421 250 
Rotylenchulus reniformis 20 20 80 44 
Tylenchorhynchus 
brassicae 81 44 102 92 
Tylenchus filiformis 24 13 90 60 
Meloidogyne incognita 310 280 550 450 
Hemicricortemoides 
mangiferae 20 13 27 20 
Total Tylenchids 753 566 1610 1152 
Khan et al. 
Ta^le 4: Effect of ploughing and yellow vein mosaic virus (YVMV) 
on plant growth of okra in naturally infested soil. 
Tieacnents length (cm) Fiesh weight (g) 
Shoot Root Total Shoot Root Total 
lleallhy Plants 
Nomial 
ploughing 36.50 20.10 106.60 243.00 36.00 279.00 
Deep 
ploughing 107.60 27.30 134.90 299.60 47.00 346.60 
Diseased Plants 
.Somial 
ploughing 63.10 14.00 77.10 93.40 21.50 114.90 
Deep 
ploughing 95.20 18.80 114.00 209.50 32.00 241.50 
NT = Normal ploughing; DP = Deep ploughing. 
•Average of three replicates. 
Growth of okra : Growth was retarded in virus infected 
plants, however, the deep ploughing brought about 
significant improvement in both healthy as well as 
diseased plants (Tabic 4). 
Each value is »n avciage of 20 replicates. 
DISCUSSION 
In the present study higher number of fungi was 
recorded in the rhizosphere of diseased okra plants 
than the healthy plants. Similar results were also 
obtained by Singh (1972) and Gangawane & Deshpande 
(1973), though converse reports were made in other 
cases (Mishra & KarnaJ, 1970; Mishra et al.. 1970). 
Qualitative diffemces were quite evident in the 
rhizosphere of diseased and healthy plants. Higher 
number of fungal species were recorded in the 
rhizosphcre of diseased plants than that of healthy 
plants. This could be attributed to the changes in 
the root exudates due to the host-pathogen interaction. 
Jamal et al. (1975) reported about the biochemical 
changes in the leaves of okra var. Pusa Sawani 
induced by YVMV (yellow vein mosaic virus) and 
found decrease in total carbohydrates and increase in 
total proteins and total nucleic acid, though insoluble 
carbohydrates increased and DNA decreased. It is 
well known that there are certain virus diseases which 
increase the carbon-nitrogen ratio in shoots while 
others decrease them (Dunlop, 1930; Stanley, 1937). 
This disturbed C/N ratio affects the production of 
metabolites (Sadasivan, 1963) and as a consequent 
of this the nature of root exudates may considerably 
be changed. 
A differential stimulation of diffemt groups of 
fungi was observed. Normal ploughings mosdy 
stimulated the growth of Dematiaceous Hyphomy-
cetes and Aspergilli in the rhizosphcre of both healthy 
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and diseased plants. However, deep ploughing 
stimulated the other moniliales group whether healthy 
or diseased. But in addition to this observation, it 
was seen from the rhizosphere of healthy plants 
Sphaeropsidales and Mycelia Sterilia were stimu-
lated and in that of diseased plants Dematiaceous 
Hyphomycetes and Phycomycetes were stimulated. 
In case of plant parasitic nematodes the deep 
ploughing has suppressive effect. This is understan-
dable because the soil got more disturbances during 
deep ploughing. Moreover, moisture content, 
temperature and aeration of soil was also changed 
(Waldmann, 1971; Khan & Saxena, 1980). The soil 
around diseased plants haiboured more plant parasitic 
nematodes. Thereby showing that the nematodes 
multiplied more frequnecy on weak plants. Besides 
this, the differences of metabolites in root-exudates 
may also have contributed in selective multiplication 
of nematodes. 
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A B S T t l A C T : Brinjal Severe Mosa ic Vi rus ( A l i g a r h S t r a i n ) as w(-ll as r o o t - knot n e m a t o d e 
{Mcloidog\'ne incognita) caused s ign i f ican t r e d u c t i o n in dif!"erenl growth p a r a m e t e r s of l )r injal 
(Solanuin melongeiia) when inocu la t ed sepa ra t e ly , however , the t 'ormer caused g r e a t e r d a m a g e t h a n 
the l a t t e r . In combined inocu la t ions t h e r e was f u r t h e r d a m a g e t o t h e pibni H o w e v e r , the root-Wnoi 
d e v e l o p m e n t was inhibi ted in p r e s e n c e of the v i rus . 
'KEY WORDS : Br inja l , Br in ja l Seve re M o s a i c 
pa thogenic icy and V i r u s - n e m a t o d e i n t e r a c t i o n s . 
R r i n j a l {Solanuin melongena L . ) i s o n e o f 
the important vegetable crops of the tropics. 
During the course of survey in Aligarh and 
adjoining areas it was observed that plants 
were suffering with Brinjal severe mosaic virus 
Aligarh strain (BSMV) and/or root-knot 
ncmalodc, Meloidogyne incognita ( K o f o i d a n d 
Whittf) Chitwood. The plants infected with 
both these pathogens showed greater damage. 
This prompted the authors to undertake the 
present study for investigating possible inter-
relationship between these pathogens. 
MATERIALS AND METHODS : 
Three-week old seedlings of brinjal cv. 
Pusa Purple Long raised in autoclaved soil, 
were transplanted to 15 cm clay pots contain-
ing 1 kg soil- manure mixture 
(Soil:Sand:Manure::3:1:1). These plants were 
V i r u s ( A l i g a r h s t r a i n j , Meloidog^ne incognita. 
then inoculated with Brinjal severe mosaic 
virus Aligarh strain and/or 2nd stage juveniles. 
of M. incognita a s p e r t h e f o l l o w i n g s c h e d u l e 
given in table 1. There were 5 replicates for 
each treatment and the pots were kept ori 
glasshouse bench in a random manner . The 
temperature of the glasshouse was main-
tal.ned at 25 r Six week.s after neni j!(.ide 
inoculation, the plants were uprooted a.nd the 
roots were thoroughly washed . The 
parameters were length and fresh weight of 
root and shoot, and root-knot index which wa> 
rated on 0-5 scale. 
RESULTS AND DISCUSSION 
Brinjal severe mosaic virus (Aligarh 
s t r a i n ) a n d Meloidogyne incognita s e p a r a t e l y 
caused a significant reduction in the fresh 
weight and length of root and shoot of brinjal 
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Tabic 1. Interactive effcct of Meloidogyne incognita and Brinjal Severe Mosaic Virus Aligarh 




Length (cm) Fresh weight (g) Root-knot 
nematodr 
(0-5 scale) Shoot Root Total Shoot Root Total 
Uninoculated (control) 43.0 22.0 65.0 10.20 2.50 12.70 -
Virus alone 26.6 4.8 31.1 2.30 0.28 2.61 -
Nematode alone 25.2 3.5 28.7 3.13 0.47 3.60 0.5 
Virus and nematode 
simultaneously 18.3 1.9 20.2 0.037 0.01.3 0.05 Roots severe 
damaged 
Virus 2 weeks prior 
t o nematode 19.2 3.3 22.5 1.33 0.15 1.48 2.5 
Virus 1 week prior 
to nematode 23.5 3.7 27.2 2.00 0.23 2.23 3.5 
Virus 1 week after 
nematode 30.9 A5 35.4 3.83 1.26 5.09 4.0 
Virus 2 weeks after 
nematode 25.2 4.0- 29.20 2.26 0.27 2.53 4.5 
Each value in an average of S replicates. 
plants. Virus infection caused a greater 
reduction in plant growth as compared to that 
caused by the nematode alone. There had 
been a greater reduction when the plants were 
infected with the virus prior to the nematode. 
Greatest reduction was observed when both 
the pathogens were inoculated simultaneous-
ly. However, on the other hand, less reduction 
was observed when the virus was inoculated 
after the nematode. Root galling was in-
hibited in presence of the virus thereby show-
ing an inhibitory ef fect (Tabic 1). 
The above results substantiate and sup-
port the earlier findings of Goswami et al. 
(1974); Khurana et al. (1970); Mahmood et al. 
(1974) and Naqvi et al. (1979) , that the plant 
damage becomes more in multipathogenic 
condition compared with monopathogenic 
condition. The present f indings also indicate 
that the virus was inhibitory to the root- knot 
nematode, indicating their interactive be-
haviour. Even though the virus has inhibited 
the root-knot development, the plant damage 
was more in concomitant inoculation, and 
even the weakend pathogen the root-knot 
. 5 2 6 -
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nematode in combination with the virus was 
able to cause greater damage to the already 
damaged plants. 
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The crop loss is defined as the difference between the attainable yield and 
the actual yield (Chiarappa, 1971). This definition in it self is thus indicative to 
the fact that as to why the crop damage estimates are so difficult to be 
formulated. The knowledge o f crop losses is an important aspect for 
establishing research, extension and budget priorities. In the cases where the 
crop losses are not spectacular, the control depend upon the population 
density of the nematode taxa present, susceptibility of the crop, and the 
environmental conditions viz., fertility, moisture and presence of other 
pathogenic organisms in soil which may interact with the nematodes. 
On the world wide basis the average annual loss o f all the crops has been 
estimated to be about 10% especially when the indirect effects o f nematodes 
are considered (Sasser, 1989). This information is based on various reports of 
(i) European Society of Nematologis ts (ESN) , (ii) Organization of Tropical 
American Nematologists ( O T A N ) , (iii) Society o f Nematologists (SON) and 
others. 
The average annual yield loss o f the world's major crops due to plant 
parasitic nematodes was estimated to be 12.3% (Sasser, 1989; Table 1). For 
Life Sustaining Crops (LSCs) that serves as man's primary food sources, an 
annual yield loss of 10.7% was reported. The highest loss (19.7%) was in 
banana and lowest (3.3%) in rye. The 20 crops that represent a miscellaneous 
group important for food or export value had an estimated annual yield loss of 
14%. The. maximum loss was 17.7% in Y a m and the minimum was 8.2% in 
forages and tea. Losses of LSCs grown in developing countries in comparison 
to the developed countries were 12.6% and 7.0% respectively. For the 20 crops 
not considered to be LSCs, losses were 16.5% in developing countries and 
10.5% in developed countries. T h e average of bo th the categories together 
estimated losses for the 40 crops in developing countries were 14.6% 
compared with 8.8% for developed countries. Monetary losses due to 
nematodes on all 21 selected world crops (including 15 LSCs) were estimated 
at $ 7 billion annually based o n 1984 production figures and prices in US 
(Table 2). 
The estimated annual losses due to nematodes in U.S.A. was o f the order 
o f $ 1,038,374,300 in 16 field crops, $225,145,900 in 23 fruit and nut crops, $ 
266, 989, 100 in vegetable crops and $ 59,817,634 in ornamental crops 
(Feldmesser et at., 1971). Recently Mc S o r d y et al. (1987) has reviewed the 
crop loss on account of nematodes in the U S and has given rather grim picture 
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o f the agriculture economy. Sasser and Freckman (1987) estimated 55.8 bil l ion 
losses due to nematodes e x c e e d ^ $ 100 bil l ion per year. They assessed the 
estimated percentage losses o f 13.7 in chickpea, 10.9 in fieldbean, 13.2 in 
pigeon pea, 10.6 in soybean, 36.5 and 15.1 in cowpea due to nematodes. 
Mulrooney (1985, 1986) a l so assessed 36 .5% annual loss due to the 
nematodes. Some other est imates o f annual losses caused by nematodes 
ranged from 250 million dollars (Hutchinson et al.. 1961) to 500 million dollars 
(Cairns, 1955). The yearly losses estimated by the U S D A in 16 crops amount 
to $ 372,335,000 (Taylor, 1967). 
Table 1. Summary of estimated annual yield losses due to damage by 
plant-parasitic nematodes worldwide* (After Sasser, 1989). 
Life sustaining Economical ly 
crops • • Loss (%) important crops L o s s ( % ) 
Banana 19.7 Cacao 10.5 
Barley 6.3 Citrus 14.2 
Cassava 8.4 Cof fee 15.0 
Chickpea 13.7 C o t t o n 10.7 
Coconut 17.1 C o w p e a 15.1 
C o m 10.2 Eggplant 16.9 
Field bean 10.9 . Forages 8.2 
Millet 11.8 G r a p e 12.5 
Oat 4 .2 G u a v a 10.8 
Peanut 12.0 M e l o n s 13.8 
Pigeon pea 13.2 Misc.other^** 17.3 
Potato 12.2 Okra 20.4 
Rice 10.0 Ornamentals 11.1 
Rye 3.3 Papaya 15.1 
Sorghum 6.9 Pepper 12.2 
Soybean 10.6 Pineapple 14.9 
Sugar beat 10.9 Tea 8.2 
Sugar cane 15.3 T o b a c c o 14.7 
Sweet potato 10.2 T o m a t o 20.6 
Wheat 7.0 Y a m 17.7 
Average 10.7% Average 14.0% 
•Information based on worldwide survey o f neraatologists (371 
responses). 
• • C r o p s that stand between man and starvation, aaibrding t o Dr. S .H. 
Wiuwer of Michigan State University. ' ^ . 
• • • A d d i t i o n a l miscellaneous crops o f economic importance,- esp^cf^ly for 
f o o d or export. 
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Table 2. Estimated annual losses due to nematodes for selected world crops 
(After Sasser. 1989.). 
Estimated 
Estimated Estimated yield moneuty 
Number of FAO production price per losses due to loss due to 
estimates estimates metric i o n " nematodes' nematodes" 
Crop per crop (1,000 metric tons)'(US$) (%) ( U S $ 
Banana 78 2,097 431 19.7 178,049,979 
Barley 49 171,635 102 6.3 1,102,926,979 
'Cassava 25 129.020 90 8.4 975391,200 
Citrus 102 56,100 505 14.2 4,022,931,000 
Cocoa n 1,660 2,584 10.5 450391,200 
Cotfee 36 5,210 3,175 15.0 2,481,262,500 
Cora 125 449,255 147 10.2 6,736,129,470 
Cotton flint only) 85 -17,794 2,160' 10.7 4,112,549,280 
Field bean 70 19,508 S44 10.9 1,156.746,300 
Oat 3? 43,355 99 4.2 180,270,090 
Peanut 69 20,611 416' 110 1,628,901,120 
Potato 141 312,209 152 12.2 5,789,403,6% 
Rice 64 469.959 342 10.0 16,072,597,800 
Sorghum 53 71,698 119 6.9 S88,712i70 
Soybean 91 89,893 282 10.6 2,687,081,500 
Sugar beet 51 293,478 37' 10.9 1,183,5%,774 
Sugar cane 65 935,769 115 15.3 16,464,854,000 
Sweei potato 67 117,337 219" 10.2 2,621,073,906 
Tea 16 2,218 1807 8,2 510,562.300 
Tobaao 92 6,205 2,996" 14.7 2,732,756.460 
Wheat S9 521.682 159 7.0 5,806,320.660 
Total 177,698,508.015 
•Figures from I9S4 Food i Agriculiure Organization Produciion yearbook:. 
••Based on averages of 1984 Food & Agriculture Oreanization est imate for major world marteis, eaxpt wt ic r 
indiated. 
'Based on estimates from the 1985 Crop Nematode Research & Control Project worldwide nematode survey a ' 
nematoloysu (371 responses). 
+ + Product of ugures in columns 2,2, and 4. 
a Based on 1984 commodity price estimates for United States only, 
b Based on 1985 commodity price estimates for United States only. 
c Based on average of 1984 FAO listings for market prices in Liverpod and 1985 US commodity prices. 
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The average annual loss in yield o f sugarbeet attributed to nematodes in 
the U S is estimated to be as high as 10% (Good , 1968). Total crop failures o f 
beets grown in heavily infested soil are not uncommon in the United States and 
in Central Europe yield losses exceeding 25.00%. 
Loss in marketable yields at highest preplan! density in some vegetables 
were recorded by several workers (Olthof and Potter, 1972, 1973; Olthof^r a/., 
1973, 1974; Potter and Olthof, 1974). Yield losses o f 20-59% have been 
reported for cowpea (Ogunfowora, 1976). 
Root-knot nematodes 
Srivastava (1969) reported 75% loss of eggplant and tomato due to the 
root-knot nematode: Gour (1973) found yield reductions of 20-75% in 
tomato, 17-81% in eggplant and 8-82% in mungbean depending upon the 
inoculum level o f M. incognita. Bhatti and Jain (1977) and Jain and Bhatti 
(1978) estimated a loss of 99.9, 46.2 and 27.3% in okra, tomato and brinjal 
respectively in a field infested with A/, incognita. Reddy (1985a) pointed out 
that the crop loss of tomato due to M. incognita was reduced by 39.77% at a 
populat ion of 20 larvae per gram of soil while in peas he observed 
19.95-20.42% losses in yield due to this nematode (Reddy, 1985b). The 
infestation level of root-knot nematode alone has been reported up to 82 .5% 
on tomato and okra. Orr (1984) in Western Texas estimated an annual loss of 
85,600 bales in cotton yield due to M. incognita. 
Gill (1989) summarized the results o f loss estimation in ground nut due to 
M. arenaria and M. javanica conducted at A l C R P centres, viz., Anand , 
Junagarh and Rahuri in the two years proceeding (1986-88). He pointed out 
that M. javanica caused an avoidable loss of 10.3 and 26.9% in yield at A n a n d 
and Kanpur respectively, consequent to 43.4 and 52.5% reduction in 
root-knot inde.x. In case of M. arenaria the percent avoidable losses were 13.4 
and 28.3% following 46.6 and 58.5% reduction in RICI at Junagarh and 
Rahuri districts respectively. Sen (1958) from Sabour reported a los so f 70% in 
chillies, brinjal, tomato and okra due to root-knot nematodes. A Joss of 8 .6% 
in groundnut yield with A/, hapla f o r e a c h 10-fold increase in initial population 
(Rickard et al.. 1977). M. arenaria and M. hapla are the most important 
nematode species affecting peanuts. In addition to their inflicting heavy 
damage, besides being widely distributed also (Minton and Morgan, 1974; 
Rodriguez-Kabana et al.. 1979; Taylor and Sasser, 1978). , Losses in 
infestations in most fields are unevenly distributed and average yield losses 
may be less than 50%. Rodriguez-Kabana et <?/. (1982) indicated that yields 
were negatively correlated to larval number determined near harvest. T h e 
average yield loss caused by the average number o f larvae/100 cm^ soil ranged 
from 427 to 539 kg'/ha. The equation obtained suggested that yield losses 
caused by M. arenaria occurred even o n highly infested soil (50 larvae/100 cm^ 
soil). Ogunfowora (1976) pointed out that losses ranging from 10 to 8 9 % 
depending on the tomato cullivar and level of root-knot infestation in the field 
soil . The direct loss on tobacco due to Meloidogyr.e spp. are estimated al $ 5 
million per year (Todd, 1979). 
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Krishnappa (1985) accounted 4 4 . 8 7 % yield loss due to r o o t - k n o t 
n e m a t o d e alone in a heavily infested field. G o o d (1968) reported that o u t o f 
10% loss o f soybean crops due to n e m a t o d e s , the contr ibut ion o f roo t -knot 
n e m a t o d e alone was 4.40%. Loss in grain yield o f rice due to M. graminicola 
ranges f rom 16-32% (Biswas and R a o , 1970). 
In tropical areas where root -knot n e m a t o d e s reach the greatest potential 
for d a m a g e , losses due to the p o t a t o c r o p is presently est imated to be 2 4 % 
(Sasser, 1979). Further (Sasser, 1979, 1980) pointed out that 6 Meloidogyne 
spp. are responsible for about 9 5 % of the d a m a g e to crops. In U S A , losses o f 
2 5 % in potential po ta to yield due t o r o o t - k n o t nematode were recorded w h e n 
c o n d i t i o n s favoured root-knot in fes ta t ion ' o f pota toes (SiUerly and 
Fassul iot is , 1965). 
Feldmesser et cl. (1971) observed a b o u t 3 0 % o f sugarcane growing areas 
o f the world are infested with root -knot n e m a t o d e s . In France, Germany and 
Italy, the nematode species is reported to cause significant d a m a g e to wheat 
crop (Caube l ei ai. 1971; T h o m a s , 1981; Inserra ei al.. 1978). . 
Cyst forming nematodes 
Stapel (1953) estimated an average a n n u a l loss o f 50 ,000 ,000 kroner ( 2 
1/2 mi l l ion) resulting from the attack o f the cereal root ee lworm, Heierodera 
avenae W o l l . in Denmark. S o u t h e y (1965) stated that H. avenae d a m a g e 
appears t o be associated with l ight sandy so i l s and soi ls o f l o w fertility and l o w 
organic content in U K . 
M c Gregor (1978) from U S A has attributed a yield loss o f $ 312 mi l l ion 
due to H. avenae on wheat. 
Van Berkum and Seshadri (1970) e s t imated an annual monetary loss o f 
approx. U S $8 naillion in the Rajasthan state ( India ) alone. H a n d a et al. (1985) 
est imated the losses in barley due t o H. avenae t o the tune o f Rs . 1687-5911 per 
hectare. Swarup et at. (1976) po in ted o u t that H. avenae is responsible for 
s ignif icant reduction in yield o f w h e a t and barley ranging f rom 50-100% 
( S w a r u p e / a / . , 1976; Bhat t i e fa / . , 1981). T h e lo s se s in yield o f w h e a t was up t o 
4 7 . 2 % in sandy soil o f Rajasthan (Mathur et al.. 1986). 
Loss figures due to cyst n e m a t o d e s general ly are n o t available, but 
d a m a g e m a y be considerable in s o m e instances . Several reports indicate that 
c o m is n o t a good hos t for H. avenae (Gill and Swarup , 1971) b u t Yadav and 
Verma (1971) reported corn to be a g o o d h o s t , there are indicat ions , however , 
that H. avenae can cause damage t o maize in heav i ly infested so i l even t h o u g h 
maize m a y be a poor host (Hughes , 1975). 
A s far as e c o n o m i c importance is concerned Heterodera cajani comes next 
to H. avenae. It is most studied spec ies in India. But very limited informat ion is 
available o n the actual losses caused by this n e m a t o d e to its h o s t crops. M o s t 
o f the s tud ies have been carried b u t w i th c o w p e a as the h o s t crop, with 
practically n o t m u c h data for the p igeonpca . 
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The loss in dry matter and grain yield of mungbean respectively were 25.7 
to 67 .5% and mungbean suffered greater loss in yield than pigeonpea under 
single cyst population o f / / , cajani (Saxena and Reddy, 1987). 
There has not been much attempt so far to estimate the possible crop loss 
caused by c o m cyst nematode, Heterodera zeae to the maize crop. But 
McGregor (1978) from U S A attributed a yield loss o f 320 million US Dollars . 
due to H. zeae. In a test in Germany where corn was used for ensilage, losses 
varied from 5.5 to 39.2% among 10 cultivars (Lucke and Saefknov, 1978). 
In United States, estimates hold that 10% of the potato crops is lost 
annually to nematodes (Feldmesser el al.. 1971). 
I f l e f t uncontrolled Globodera rostochiensis is capable of causing a 100% 
loss in potato yields. Reliable estimates of actual yield loss caused by G. 
rostochiensis are not available for many countries where this nematode 
occurs. 
Root lesion nematodes 
Van Berkum and Seshadri (1970) estimated the annual loss of coffea due 
to root lesion nematode, Pratylenchus coffeae to the tune of $ 3 million. Prasad 
and R a o (1978) evaluated the loss in grain yields of upland rice due to 
infestation by P. indicus. It was found that reduction of ear heads was up to 
33%, of grain yield up to 55.5% and weight o f thousand grains up to 15.1% 
a m o n g the six varieties. 
The inoculation of 100 P. per seedlings to 2 or 17 day-old seedhngs 
o f rige resulted in 26% yield losses, whereas 32 or 47-day-old plants escaped 
damage in terms of yield (Prasad and Rao , 1983). A field in Bikaner 
(Rajasthan) was observed to be heavily infested with this nematode and the 
plants showed severe stunting (Sethi, 1965). 
On groundnut, most infestations usually d o not inflict losses o f great 
magnitude, this nematode must be considered as an important pest of peanuts 
because o f its widespread distribution. 
P. thornei is another sf>ecies which has been reported to cause heavy yield 
losses in dry farming under arid conditions. VanGundy e/ al. (1974) reported 
heavy yield losses due to the nematodes they further observed that in pot 
condi t ions the threshold level for damage was 42/100 ml soil, but in field 
condi t ions it was higher (50-100/100 ml soil). 
The necrotic depressions or protuberances formed o n potato tubers by 
Pratylenchus spp. can lower tuber quality by 10-20% (Kiijanova and Krall, 
1971). In Europe and parts o f North America, this species is capable of causing 
a growth decl ine of 50-70% and a yield decline o f 10-50% (Jensen et ai. 
1979). 
The reniform and citrus nematodes • 
Reniform nematode, Rotylenchulus reniformis @ 1000 $ per pot reduced 
roo t and shoot dry weight and N P K level o f plant (Ismail and Saxena, 1980). 
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Cohn (1972) indicated that actual reduction in world citrus yield due to 
cirtus nematode, Tylenchulus semipenetrans C o b b could be estimated at 
8 .7-12.2% because all infected citrus trees are not economical ly damaged by T. 
semipenetrans. Timmer and Davis (1982) found that cost of nematicide 
(aldicarb) was repaid with the protection from yield loss occurring at 20,000 
juveniles/kg soil. 
Burrowing nematode 
Besides citrus and banana, Radopholus similis attacks large no. o f crops 
and the estimated loss of ornamental crops is up to 5 % (O'Banon. 1972). 
There is not much information on crop losses due to R. similis is available 
because involvement of burrowing nematodes on most o f the crops has only 
been recognized recently. 
Bud Olid leaf nematodes 
In Southern Poland Aphelenclwides fragariae and A. ritzemabosi during 
two years of tests decreased by 32-61 % in the 7 varieties o f strawberries tested 
(Szcygiel, 1967). A. besseyi decreased yields of infested plants in Australia up 
to 50% (McCulloch, 1968). 
A. composticola causes 26-30% yield loss and initial inoculum was 
(0.01x10^-0.50x10^) (Arnold and Blake, 1968). 
In India, A. sacchari causes 90.6-100% yield losses to mushrooms and 
initial inoculum was 0.1 x 10^-1.Ox lO'' (Sharma et ai. 1984). 
Ditylenchus spp. 
Ditylenchus myceliophagus causes 100% yield losses to mushrooms and 
initial population was 0 .2x l0- -3 .0x l0^ (Arnold and Blake, J 9 6 8 ) . D. 
myceliophagus causes 50.0-75.0% yield losses and initial population was 
0.2xl0"-3.0xl0" (Arnold and Blake, 1968). Losses to mushroom crops due to 
myceliophagus nematodes (A. composticola and D. myceliophagus) ranged 
f rom 26-75% depending on the initial population and nematode species 
(Arnold and Blake, 1968). 
N o monetary estimates o f losses caused by stem nematode, D. dipsaci to 
strawberry exist. In Eastern Russia it has been reported to decrease strawberry 
yields upto 85%. (Szcygiel, 1977). 
Seed gall nematode 
Van Berkum and Seshadri (1970) reported the loss o f $ 10 million from 
'ear cockle' disease caused by seed gall nematode, Anguina tritici in wheat . 
Paruthi and Bhatti (1985) reported loss o f 2.85%. in yield o f wheat due to 
Anguina tritici. 
Stunt nematode 
Ethylene dibromide at 2 gal/acre increased sugarcane production 3.6 
tons/acre or 15% more than the nontreated where the stunt nematode, 
Tylenchorhynchus spp. was present (Birchfield, 1965). 
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Ring nematode 
The loss due to Criconemella ornata in field of groundnut has been 
reported upto 50% (Minton and Bell, 1969). 
Needle nematode 
Yields o f corn were reduced upto 62% due to Longidorus brevicaudatus in 
severely infected areas compared with those in highly or non infested areas 
(Malek et al.. 1980). 
Sykes (1979) pointed out that L. lepiocepltalus caused reductions in yield 
of 0.25 t /ha of barley, 0.13 t/ha of wheal and 0.55 i/ha o f potatoes. 
Macroposthonia ornata 
It causes yield loss upto 18.7% to groundnut crop for each 10 fold 
increase in initial population (Rickard et al.. 1977). 
Methodology for Crop Loss Assessment 
The populat ion of plant parasitic nematodes can be related to the 
performance o f crops. Usually, this is done with a mathematical expression 
called "nematode damage function'". It relates crop yield to preplant 
nematode numbers. Preplan! nematode population are emphasized, since all 
available management options. for limiting losses due to nematodes must be 
deployed before planting the crops. 
For the assessment o f nematode damage, the aim is to implement a range 
of nematode densities as much as possible in the soil, and measure crop 
performance. Fol lowing methods can be taken into consideration : 
(a) Greenhouse pots 
(b) Microplots 
(c) Small field plots 
Greenhouse pots 
For this method, a known amount of different inoculum levels o f 
nematodes is selected judiciously and inoculated to sterilized soil-manure, 
mixtures o f individual pots in a randomized way. Single plant is planted per 
pot. The uninoculated pots served as controls and growth o f the plants is 
taken. If the crop will mature properly, yield may be taken in terms of the usual 
marketable product, or fresh and dry weights of shoots and roots may be 
measured. 
Merits and demerits.—This method is suitable for establishing the host 
status o f a wide host range plant species and cultivars. However, information 
obtained in greenhouse pots is not reliable. Because the controlled 
environment o f a greenhouse does not accurately represent crop stresses 
experienced in a farmer's field. Moreover, these methods may not be effective 
for all important nematode species because all the nematodes taxa are difiicult 
to culture in poLc and in the production of inoculum. 
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Microplots 
Microplots of 1-2 m diameter were established in a systematic way. The 
treatments were given to the plots before use and allowed to grow to malui ity. 
C r o p yield are taken in each plot. Moreover , population densities can be u k e n 
at regular time intervals. Many plant parasitic nematodes may not produce to 
infest microplots at high nematode densities for the determination of the 
max imum crop loss potential. Generally more accurate representation o f crop 
loss can be determined in microplots than in greenhouse methods. 
Small field plots 
The plots (24 m^) naturally infested with plant parasitic nematodes were 
selected in a rectangular-grid and nematode populations and crop yields were 
taken in each pot. 
A number of fields with heavily infested target nematode species should 
be selected. The fields are pre sampled to determine the areas of high and low 
fafestation. Immediately after planting, a grid of plots (64-100 plots per grid) 
are marked in each field with the grid overlapping an area of high and low 
infestation. This range is necessary to determine the entire nematode damage 
funct ion, from zero to maximum damage. 
Nematode damage functions 
A n appropriate statistical methods and mathematical models to describe 
the functions must be selected. A typical damage curve begins with a 
somewhat level phase, followed by an area o f rapid decline in yield increasing 
nematode population. Eventually, rate o f decrease in yield level off becoming 
asymptot ic at some point. The m a x i m u m yield may be fairly large, or may be 
zero, but at some point the curve must level off. Seinhorst's (1965) formulae 
has been most commonly used to represent the relationship of yields to 
nematode densities. This function begins with a straight line, representing 
U!TH-easurable losses at low densities, fo l lowed by a rapidly-declining negative 
exponential curve which levels off at minimum yield. Other models 
include-linear fits to log-transformed data and various universe-logisiic 
curves. The researcher should select the model that worksoui best in his 
situation. 
Precautions 
Evaluation of nematode problems.—-The fol lowing aspects should be 
taken into considerat ion: 
1. The nature, magnitude of current nematode problems and their 
e c o n o m i c importance should be determined. 
2. Systematic surveys o f various crops and soil types, using suitable 
sampl ing and assay techniques can be accomplished. 
3. The nematologists should spend maximum time in the field to learn 
which crops are showing symptoms o f nematode attack and how they are 
being damaged. 
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Evaluation of economic importance—Iht fol lowing steps should be taken 
into consideration : 
1. Field and laboratory work necessary to identify the disease agent and 
the degree o f crop infection. 
2. Identification and quantification of losses including yield reduction, 
loss o f crop quality, and detrimental residual effects in soil or seed. 
3. Convers ion of losses into economic terms. 
4. Consideration of available management opt ions and their degree of 
infection. 
5. Estimation o f costs and benefits. 
6. Comparison of costs and benefits with those incurred under alternative 
management strategies. 
ACKNOWLEDGEMENTS 
The author wishes to thank and deep sense o f ^ a t i t u d e to Dr. M . M . 
Alam, Department of Botany, A . M . U . , Aligarh for his invaluable suggest ions 
and for go ing through the manuscript critically. 
REFERENCES 
Arnold, N . P . and Blake, C.D. , 1968. Some efTects o f the nematodes , 
Ditylenchus myceliophagus and Aphelenchoides composticola o n the 
yieJd o f the cultivated mushroom. Ann. Appl. Bio!., 61: 161—166. 
Bhatti, D.S. ; Dalai , M.R. and Malhan, T., 1981. Estimation of loss in wheat 
yield due to the cereal cyst nematode. Heterodera avenae. Tropical Pest 
Management, 27: 375-378. 
Bhatti, D .S . and Jain, R . K . , 1977. Estimation of loss in okra, t omato and 
brinjal yield due to Meloidogyne incognita. Indian J. NematoL, 1: 
37—41. 
Birchfield, W,, 1965. Effects of soil fumigation and organic amendments on 
plant parasitic nematodes and sugarcane yield (Abstr.) . 
Phytopathology, 55: 1051—1052. 
Biswas, H. and Rao , Y.S., 1970. Incidence o[ Meloidogyne graminicola and its 
influence on yield of rice. Oryza, 8: 101 —102. 
Cairns, E.J., 1955. Nematodes-t iny but mighty. Research under way po ints to 
development of better and cheaper control. Highlights of Agr. Res., 
2(1). 
Caubal, C.; Ritter, M. and Rival, R., 1971. (Observations o n attacks o f the 
nematode , Meloidogyne naasi Franklin on cereals and forage grasses 
in Western France in 1970], Observations ratives a des attaques du 
n e m a t o d e Meloidogyne naasi Franklin sur cereals el graminates 
fourrages daus 1' onest de la France en 1970. cr. hebd. Seane. A c a d . 
Agric. Fr., 57: 351—356. 
- 537-
5 0 0 
Mansoor A. Siddiqui 199 
Chiarappa, L., 1971. Crop loss assessment methods. F .A.O. manual o n the 
evaluation and prevention of losses by pest5, diseases, and weeds. 
Commonwealth Agricultural Bureaux Farnham, England. 
Cohn , E., 1972. Nematode diseases of citrus. In Economic Nemato logy (Ed. 
J.M. Webster) Academic Press, London and New York 
pp.215—244. 
Feldmesser, J.; Edwards, D.I .; Epps, J .M.; Heald, C M . ; Jenkins, W.R.; 
Jenses, H.J.; Lear, B.; McBeth, C .M. ; Nigh, E.L. and Perry, V .G. , 
1971. Estimated crop losses due t o plant parasitic nematodes in the 
United States. Suppl. J. Nemaiol. No. 1, Repl. Soc. Nematologists 
Committee on crop losses, 1970. 
Gil l , J.S., 1989. All India co-ordinated research Project on plant parasitic 
nematodes with integrated approach for their control. A binniel report 
of A I C R P centres : Anand, Junagarh and Rahuri (1986-88). 
Gil l , J.S. and Swarup, G., 1971. On the host range c^ f the cereal cyst nematode. 
Meterodera avenae Woll . 1924, the causal organism o f 'mo lya ' disease 
of wheat and barley in Rajasthan, India. Indian J. NematoL, I: 
63—67. 
G o o d , J.M., 1968. Assessment o f crop losses caused by nematodes—in the 
growth o f tomato and root-knot nematode population. Indian 
Phytopath., 32: 186—188. 
G o u r , H.S., 1973. Studies o n crop damage and populat ion density wi th 
particular reference to Meloidogyne sp. and Pratylenchus spp. M.Sc . 
Thesis, l A R I , New Delhi . 154 pp. 
Handa , D.K.; Mathur, R.L.; Mathur, B .N. and Yadav, B.D., 1985. 
Estimation of losses in barley due to cereal cyst nematode in sandy and 
sandy loam soils. Indian J. NematoL, 15: 163—166. 
Hughes , R.C., 1975. The scope o f efficient pesticide use o n oil rape and maize, 
hi British insecticide and fungicide conference (8th), B r i x t o n . Proc. 3: 
1019—1024. 
Hutchinson, M.T.; Reed, J.P.; Streau, H.T.; Edwardo, A . A . and Schroeder, 
P.H., 1961. Plant parasitic nematodes o f New Jersey. New Jersey Agr. 
Exp. Sta. Rutgers. Bull.. 796. 
Inserra, R.N.; Vovlas , N. and Bradonisio, A . , 1978. Nematodi endo-parassiti 
associati a colture di cereali deperimento nell' Italia meridionale. 
Nematol medit., 6: 163—174. 
Ismail , W. and Saxena, S.K., 1980. Potass ium nutrition o f castor in relation to 
infestation by Meloidogyne incognita and Rotylenchulus reniformis. 
Indian J. Nematol, ID: 1—3. 
Jain, R .K. and Bhatti, D.S., 1978. Effect o f Meloidogyne javanica on the yield 
of brinjal and tomato. Nematol medit., 6: 243—246. 
Jensen, H.J.; Armstrong, J. and Jatala, P., 1979. Annotated bibliography o f 
nematode pest of potato. International Potato Center, Lima, Peru. 
-538-
501 
2 0 0 Integrated Pesl Management 
Kirjanova, i i .S. and Krall, E.L., 1971. Plant parasitic nematodes and theif" 
control . Vol II. Nauka Publishers, Leningrad Sec. Leningrad (Engl ish 
Translat ion, Amerind Publishing C o . Pvt. Ltd. N e w Delhi . 
K-rishnappa, K_., 1985, Nemato logy in deve loping countries , I n d i a — I M P 
Region VII. In 'An Advanced Treatise on Mclflidogyne.\o\. I: B io logy 
and contro l , (Ed.—J.N. Sasser, and C.C. Carter) Nor th Carol ina, 
Graphics , Raleigh : 379-398. 
Kur iyan , K.J. and Sheela, M.S. , 198L Effect ol" Hirschmaimielln ory:ae 
infestat ion on rice. Indiar, J. NenmioL. 11: 111 —112. 
Leclerg, E.L., 1965. Crop losses due to plant diseases in the United States. 
Phytopathology, 54: 1309—1313. 
Lucke , E. and Saefknow, M. , 1978. Untersuchungen uber Befall und 
zystenbi ldung durch-das Getre idezystenakhen am Mais. Z. Pfionzen 
PJlcmzen., 85: 385—392. 
M a l e k , R.B.; N o r t o n , D.C.; Jacobson, B.J. and .^costa, N . . 1980. A new corn 
disease caused by Longidonis brevicaudaius in Midwest . Plant Disease. 
64: 1 1 1 0 - 1 1 1 3 . 
Mathur , B.N.; Handa , D.K.; Swarup, 0 . ; Sethi, C.L.; Sharma, G-L. and 
Yadav , B . D . , 1986. On the loss est imat ion and chemical control o f 
'Molya' disease of wheat caused by Heierodera avenae in India. Indian 
J. NenmtoL. 16: 152—159. 
M c C u l l o c h , J. 1978. Strawberry crimp. Queensland Agric. J.. 104: 
m—Ml. 
M c G r e g o r , R.C. , 1978. In plant disease-an advanced treatise Vol. II. (Ed. 
Horsfall J .G. and Cowl ing , E.B.) Academic Press, N e w York : 
383—396. 
M c S o r l e y , R.; A m e t t , J.D.; Bost , S.C.; Carter, W.W.; Hafez , A.; J o h n s o n , 
A .W. ; Kirkpatrick. T.; Nycyepic , A . P . ; Radewald , J .D.; R o b i n s o n , 
.A.F. and Schmidt, D.P. , 1987. Bibl iography of est imated crop losses in 
the United States due to plani-parasitic nematodes . Ann. Appl. 
Nemaiol., I: 6 — 1 2 . 
M i n i o n , N .A . and Bell. D .K . , 1969. Criconemoides ornatus parasitic on 
peanuts. J. Semaiol.. 1 : 349—351. 
M i n i o n , N..A. and Morgan, L .W. , 1974. Evaluation of systemic and 
nonsys temic pesticides for insect and nematode control on peanut . 
Peanut Sci.. I: 9 1 — 9 8 . 
M u l r o o n e y , R.P. , 1985. Soybean disease loss estimate for Southern Uni ted 
States in 1983. Plant Disease. 69: 92. 
M u l r o o n e y , R.P. , 1986. Southern United States soybean disease loss es t imate 
for 1985. Proceedings of the Southern soybean disease workers 13th 
Annual meet ing Baton R o u g e , L.A. pp. 9—13. 
N a n d k u m a r , C.; Prasad, J.S.; R a o , Y.S. and R a o , J., 1975. Invest igations o n 
the white tip nematode {Aphelenclioides besseyi Christ ie , 1942) o f rice 
{Oryza sativa L.). Indian J. NematoL. 5: 62—69. 
- 5 3 9 -
502 
Mansoor A. Siddiqui 201 
O'Banon, J.H., 1972. Worldwide distribution of Radopholus similis and its 
ir.iporlance in crop productions. J. NemaioL, 9: 16—25. 
Ogunfowora, A.O. , 1976. Research o n Meloidogyne at the institute of 
agricultural research and training. Univ. o f Ife, Moor. Plantation, 
Ibadan. In Froc. 1st. IMP Res. Plan.Conf. on rool-knol nematodes. 
Meloidogyne spp. Region IV, 7 — I I , June. Int. Institute Trap. Agr.. 
9—14. 
Oithof , T . l i .A . ; Mar.ks, C.F . and Elliot, J.M., 1973. Relationship between 
population densities on Pratylenclius penetrans and crop losses in 
flue-cured tobacco in Ontario. J. Nematol., 5: 158—162. 
Oithof , T.H.A. and Potter, J.W., 1972. Relationship between population 
densities of Meloidogyne hapla and crop losses in summer maturing 
vegetables in Ontario. Phytopathology, 62: 981—986. -
Oithof , T .H.A. and Potter, J..W., 1973. T h e relationship between population 
densities of Pratylenclius penetrans and crop losses in summer 
maturing vegetables in Ontario. Phytopathology. 63: 577—582. 
Oithof , T.H.A.; Potter, J.W. and Peterjon, E.A., 1974. Relationship between 
population densities of Heterodera schachtii and losses in vegetable 
crops in Ontario. Phytopathology. 64; 549—554. 
Orr, C.C., 1984. Assessment of cotton losses in Western Texas causing by 
Meloidogyne incognita. Plant Disease. 68: 284—285 . 
Panda, M. and Rao, Y.S., 1969. Evaluation of losses caused by incidence of 
Hirschmanniella mucronata Das in rice (Abst.). All India Mematology 
Symp. Aug. 21-22, N e w Delhi, India. 
Paruthi, I.J. and Bhatti, D.S. , 1985. Estimation o f l o s s in yield and incidence of 
Anguina tritici on wheat in Haryana (India) Int. Nematol. Network 
NewsL. 2: 13—16. 
Potter, J.W. and Oithof, T . H . A . , 1974. Yield losses in fall maturing vegetables 
relative to population densities of Protylenchus penetrans and 
Meloidogyne hapla. Phytopathology, 64: 1072—1075. 
Prasad, J.S. and Rao. Y.S., 1978. Potential oi Pratylenclius indicus D a s 1960, 
the root lesion nematode pest o f upland rice. Ann. Zool. Ecol. Anim. 
16: 635—640. 
Prasad, J.S. and Rao. Y.S., 1983. Influence of age o f f i c e plant at the l ime of 
inoculation of Pratylenchus indicus Das on the multiplication o f the 
nematode and yield o f host plant. Acta Oceologia. 4: 309—312. 
Reddy, D . D . R . , t985a. Analysis of crop losses in t o m a t o due to Meloidogyne 
incognita. Indian J. Nematol.. 15: 55—59. 
Reddy, D . D . R . , 1985b- Estimation o f c r o p losses in peas due to Meloidogyne 
incognita. Indian J. Nematol.. 15: 226. 
Rickard, D.A.; Barker, K.R. and Wells, J.C., 1977. mtcis oiMacroposthonia 
ornata and Meloidogyne hapla o n yield and value of peanut. J. 
Nematol., 9: 2S1. 
- 5 4 0 -
541 
202 Integrated Pest Management 
Rodriguez-Kabana, R.; King, P.S.; Penick, H.W. and Ivey, H., 1979. Control 
o f root-knot nematodes on peanuts with planting time and post 
emergence applications of ethylene dibromide and an ethylene 
dibromide-chloropicin mixture. Nematropica, 9: 54—61. 
Rodriguez-kabana, R.; Shelley, R.A.; King, P.S. and Pope, M.H., 1982. 
Application time and effectiveness of four systemic nematicides 
against Meloidogyne arenaria on florunner peanuts. Nematropica. 12: 
85—96. 
Sasser, J.N., 1979. Economic importance oi Meloidogyne in tropical countries 
in root-knot nematodes (Meloidogyne species), Systematics, Biology 
and Control (F. Lamberti and C. E. Taylor eds.). Academic Press N e w 
York pp. 339—374. 
Sasser, J.N., 1980. Root-knot nematodes; a global menace to crop production. 
Plant Disease, 64: 36—41. 
Sasser, J.N. 1989. Plant-parasitic nematodes: The farmer's hidden enemy. 
Department of Plant Pathology. North Carolina State University, 
Raleigh, 115 pp. 
Sasser, J.N. and Freckman, D.W., 1987. A world perspective on nematology: 
The role of the society. In Vistas on nematology a commemoration of 
the twenty-fifth anniversary of the society of nematologists. (Ed. J.A. 
Veech and D.W. Dickson): 7—14. 
Saxena, R. and Reddy, D . D . R . , 1987. Crop losses in pigeonpea and mungbean 
by pigeonpea cyst nematode, Heterodera cajani. Indian J. Nematol., 
17: 91—94. 
Seinhorst, J.W., 1965. The relationship between nematode density and 
damage to plants. Nematologica, 11: 137—154. 
Sen, A.C., 1958. Nematodes attacking vegetable crops. Indian J. Em.. 20: 
311—312. 
Sethi, C.L., 1965. Studies on plant parasitic nematodes of North Western 
India. Ph.D. Thesis, lARl , New Delhi. 
Sharma, N.K.; Thapa, C.D. and Kaur, D.J., 1984. Estimation o f loss in 
mushroom yield due to myceliophagus nematode, Aphelenchoides 
sacchari. Indian J. Nematol., 14: 121 —124. 
Sitterly, W.R. and Fassuliotis. G., 1965. Potato losses in South Carolina due 
to the cotton root-knot nematode, Meloidogyne incognita. Plant Dis. 
Rep.. 49: 273. 
Southey, J.F., 1965. Physical methods of control. In 'Plant Nematology' (Ed. 
J.F. Southey), Tech. Bui! No . 7, Min. Agr. Fish Food, H.M.S.O. , 
London, pp 248—261. 
Southey, J.F. and Samuel, G.G. . 1954. Potato root eelworm I. A review of the 
situation. 2. Research in progress. Min. Agr. Fish. Fuod, M A A S , 
H M S O , London : 12 p. 
-556l. 
542 
Mansoor A. Siddiqui 203 
Srivastava, A.S., 1969. Control oi Mcloidogyne javanica attacking brinjal and 
tomato plants. Labdev. J. Sci. TechnoL, 7B: 67—69. 
Stapel, C., 1953. Plantesygdommenes og skadedyrenes ok onomiskebe 
tydning i land bruget. Tidsskr. Landokon. Yr. 1953 : 229—244. 
Swarup, G.; Mathur, R.L.; Seshadri, A.R.; Raski, D.J. and Mathur, B.N. , 
1976. Response of wheal and barley lo soil fumigalion by D D and 
DBCP against 'molya' disease caused by Heterodera avenae. Indian J. 
Nematoi, 6: 150—155. 
Sykes, G.B. , 1979. Yield losses in barley, wheal and potatoes associated with 
field populations of l arge form' Longidon/s lepioceplialus. Ann. Appl. 
Biol.. 91: 237—241. 
Szcygiel, A., 1967. Preliminary estimation of the harmfulness of nematodes of 
the genus Apliele)iclioidcs to strawberries in South Poland (Polish), 
Place Inst. Sadownic(wa. II: 211—224. 
S/.cygiel, .A., 1977. Review of Soviet literature on plant parasitic nematodes 
associated with strawberries. Res. Insi. Poniol. Brzezna, Poland. 
Taylor, A.L., 1967. Introduction to research on plant nematology. Food 
Agric. Org. UN, Rome. 
Taylor, A.L. and Sasser, J.N., 1978. Biology, identifxcation and control of 
root-knot nematodes {Meloidogyne species). Coop. Pub. Dept . PI. 
Pathol,, N.C. Slate Univ. and U S A I D , Raleigh, N.C. I l l pp. 
T h o m a s , S . H . , 1981,[OccurrenceofA/e/o/Wo^>'/;crafl^/in theNorthern part of 
Rhineland], Vorkommen von Meloidogyne naasi am Niederrhein, 
Nachrichlenblatt des Deuischen Pflan., 33: 20—21. 
Timmer, L.W. and Davis, R.M., 1982. Estimate of yield loss from the citrus 
nematode in Texas grape fruit. J. Nematoi., 14: 582—585. 
Todd, F..Al. 1979, In 1980 Tobacco Information, North Carolina .Agricullurai 
E,xtension Service AG, 46, p. 59. 
Tyler, J , 1933 Deveiopment of the root-knot nematode as affected b> 
temperature, Hilgardia. 7: 391—415. 
van Berkum, J..'\. and Seshadri, A .R. , 1970. Some importa; • nematode 
problems in India. Xth Int. Nemato logy Symp., Pescara. Italy (Abst.) 
pp. 136—137. 
van Gundy, S.D.; Perez, B.J.G; Stolzy, L.H. and T h o m a s o n , I.J,, 1974. A pest 
management approach lo the control ofpratylenchus thornei on wheat 
in Me.xico. J. Nematoi., 6: 107—116. 
Yadav, B.S. and Verma, A.C., 1971. Cereal cyst ee lworm and othe,- nematodes 
associated with maize in Rajasthan. Indian J. Nenu;:-'I: 97—98 , 
- 5 6 7 -
8 
Plant, Microbes and Biotechnology 
(Prof. P. C. Trivedi Festschrift Volume) 
Editor 
Dr. (Ms) Sampat Nehra 
M.Sc., Ph.D., F.M.A., F.B.S. 
Department of Botany 
University of Rajasthan 
Jaipur, Rajas than (India) 
Pointer Publishers 
Jaipur 302 003 (Raj) India 
Distributed by 
Prem C. Bakliwal 
Aavishkar Publishers, Distributors 
807, Vyas Building, Chaura Rasta 
Jaipur 302 003 (Raj) India 
Phone: 2578159 
e-mail: aavishkarbooks@hotinail.com 
© The Editor 
ISBN 81-7132-398-7 
First Published in 2005 by 
Mrs. Shashi Jain for 
Pointer Publishers 
Vyas Building, S. M. S. Highway 
Jaipur 302 003 (Raj) India 
Phones: 2578159 , 2 7 0 8 2 8 6 
Fax: 2 5 7 8 1 5 9 
e-mail: pointerpub@hotmail.com 
Visit us at: vvww:pointerpublishers.com 
Typesetting by 
P o i n t e r C o m p u t e r s 
Jaipur 3 0 2 0 1 7 (Raj ) India 
All rights reserved. No part of this publication may be reproduced or copied 
/or any purpose by any means, manual, mechanical or electronic, without 
prior and written pemiission of the copyright owner and the Publishers. 
Printed at 
T h e D i a m o n d P r i n t i n g P r e s s 
Ja ipur ( R a j ) India 
505 8 
a 
SEASONAL FLUCTUATIONS OF NEMATODE 
POPULATION IN RELATION TO 
THEIR ENVIRONMENT 
M A N S O O R A . SIDDIQUI AND A B R A R A . K H A N 
X LANT parasitic nematodes are not isolated organisms. They are also influenced by 
all factors affecting the niche o f their habitat. Many of these factors have been exploited for 
managing the population of noxious nematodes. Different factors influence the nematode population. 
The role of major environmental factors, especially those of soil environment, temperature, soil 
texture, pH value, soil moisture, aeration and osmotic potential on the growth and decline o f 
nematode population has been well reviewed by Wallace (1965), Norton (1978), Ferris (1981) , 
Egunjobi (1981) and Van Gundy (1985) . Vertical and horizontal distribution of plant parasitic 
nematodes has been reviewed by Komobis (1981 a, 1981 b). He pointed out that the most imponant 
ecological factors governing distribution are soil profile, water conditions, climate and plant co \ er. 
Knowledge about the mean density of nematode species inhabiting the rhizosphere of 
plants is o f paramount importance before embarking on a disease management programme. In 
perennial plants, it is necessary to have data about the nematode populations during different 
seasons because of changes in environmental conditions. Several workers have investigated the 
seasonal fluctuations in population o f plant parasitic nematodes in relation to their environments 
(Micoletzky, 1922; Burkhalter, 1928; Oostenbrink, 1966; Fliegel, 1969; Johnson e/ al, 1974; Khan 
ci III. IQ80; Siddiqui. 1980). Sabova ei al ( 1 9 8 7 ) investigated that under cereal monoculture 
nematode populations were highest in May and were directly related to higher soil moisture levels. 
The population increased gradually under monoculture irrespective o f seasonal variations. 
C R O P LOSS A S S E S S M E N T 
Plant parasitic nematodes present some o f the most difficult problems encountered in the 
agricultural economy, causing enormous losses to crops (Siddiqui, 1993). Yearly losses estimated 
by the United States Department o f Agriculture (U.S .D.A. ) in 16 crops amount to $ 372 ,335 .000 
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(Taylor, 1967). Stapel( 1953) estimated an average annual loss o f50 ,000 .000 Kroncr(£2.5 million) 
resulting from Helcrodera avenae in Denmark. Southey and Samuels (1954) estimated an iivcrauc 
annual loss in potato to the tune o f £ 2 million resulting from Heteroclcra rostochiansis in the (i. K. 
and Wales. Some other estimates of average annual losses caused by nematodes ran^c trum 250 
million dollars (Hutchinson 1961) to 500 million dollars (Cairns, 1955). Feldmcsscrc/.//( 1071) 
estimated an average annual l o s so fS 1,590,326,934 due to nematodes. Sasserand Krcckniun (1987) 
put the annual worldwide crop losses due to nematodes at over S 100 billion. In Sweden, losses due 
to Heierodera avenae v^ere estimated to be nearly Skr 50 million (Kort, 1972). 
In India, Van Berkumand Seshadri (1970) estimated a loss of $ 10 million from "ear cockle" 
disease caused by Anguina tritici in wheat and $ 8 million due to molya disease caused by Heierodera 
avenae in Rajasthan. Moreover, crop losses in coffee caused by Pratylenchus coffeae worth S 3 
million was also assessed. Krishnappa (1985) estimated 44 .87 per cent yield loss due to root-knot 
nematodes alone in a heavily infested field. A summary of the estimated crop losses due to some 
important plant parasitic nematodes has been given in Table 1. 
SEASONAL FLUCTUATIONS IN THE POPU LATION DENSITIESOF SOM EIM PORTANT 
NEMATODE PESTS 
Root-Knot Nematodes 
Ferris (1985) in a critical point model described the nematode multiplication rates of 
pf/pi and over-winter survivorship (PiyPfj) for Meloidogyne incognita. Negative exponential models 
indicated density dependence in each case. Parameters o f multiplication rate models were crop 
specific and varied with host status and environmental suitability. Over-winter survival rates varied 
among locations where cultural practices and length of infestation time differed. 
Pinochet (1977) observed that some species o f Meloidogyne, namely, Meloidogyne 
incognita, Meloidogyne arenaria, Meloidogyne javanica and Meloidogyne exigua were found 
associated with banana roots. Typical root-knot symptoms were observed. Meloidogyne sp. were 
concentrated in the top 20 cm of the soil and at the distal ends o f the roots. The root-knot species 
were suppressed by the plant parasitic nematodes in that part o f the root system due to the competition 
for feeding sites. Temperature was the major environmental factor limiting the population size of 
Meloidogyne incognita on banana. Meloidogyne incognita showed peaks in October-December 
on banana (Jones, 1980; McSorley and Parrado, 1981; Arya et ai 1999). Meloidogyne sp. were 
distributed to greater depths similar to the distribution, up to 40 cm, of vinerows (Ferris and McKenry. 
1974). In a seasonal population fluctuation study in cotton fields, Kraus-Schmidt and Lewis (1979) 
observed that the population of Meloidogyne incognita larvae was higher at a depth of 0 to 15 cm 
than at 16 to 30 cm. The larval population increased in the roots at the beginning of the season. The 
mass number of Meloidogyne incognita larvae on Hibiscus cannabinus was found at 10 to 40 cm 
depth. The number of larvae increased in spring at 20 to 30 cm depth and autumn at 10 to 20 cm 
depth. But the number of second stage juveniles of Meloidogyne exigua in the soil was high and 
stable during the rainy season in June and July at 0 to 60 cm depth in the roots o f coffee (Mavlyano. 
1977; Huang el al, 1984; Almeida et al, 1987). 
The rate of development of Meloidogyne naasi in barley and r>'egrass roots depends on 
temperature. The population of Meloidogyne naasi larvae was small during winter, increasing 
greatly as the soil temperature increases in spring, decreasing sharply when the roots were invaded, 
remaining low during summer and showing a moderate increase when some of the newly formed 
eggs hatch in late summer (Tranklin et al, 1971). 
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Infection rate of Meloidogyne fujianensis parasitising Citrus reticulata was lowest in 
August (30 per cent) and highest in April (90 per cent). Infection occurred throughout the year 
with peaks of infection in Septembcr-October and again in March-April. Larval population increased 
with an increase in monthly temperature (Pan et al, 1999). Population of Meloidogyne hapla was 
at its greatest in soil in spring and autumn and in the roots o f strawberry in spring, June and 
autumn. The population peaks o f the root-knot nematode appear to be related to the development 
of young strawberry roots (Szxygiel and Haisor. 1972). 
C Y S T - F O R M I N G N E M A T O D E S 
The larval numbers o^ Helerodera avenae were highest during the late autumn and winter 
when levels of soil moisture and soil temperature were favourable for emergence. Low rainfall 
may delay emergence. In autumn and winter, larval emergence was good in soil constantly 
maintained at 60 per cent field capacity and was further increased in soil subjected to wetting and 
drying cycles. Larvae were absent from the soil in late spring and summer. The patterns of 
hatching and emergence explain the increased severity o f nematode disease following high autumn 
rainfall (Meagher, 1970). Grabert and Sachse (1985) pointed out that more Heterodera ax'enae 
cysts were formed at 20° C. Lower initial temperatures followed by a warmer period stimulated 
the development of cyst nematode. 
Reilly and Grant (1985) claimed that a greater number o f cysts were recovered by sugar 
flotation method when population densities were less than 4 0 0 cysts/100 cm^ soil. The number of 
cysts and juveniles o f Glohodera tabacum solanacearum around tobacco roots were lowest in June 
and July following land tillage in May. 
Under field conditions, population o f Heterodera zeae showed one high peak coinciding 
with crop (maize) maturity and indicating host specificity. Cyst population indicated an increase 
up to October followed by a decrease in November. This could be either due to iGw temperature 
prevail ing in November or the roots of maize having dried resulting in the decrease of cyst population 
(Srivastava and Sethi, 1986; Siddiqui and Saxena, 1985-89). 
R O O T - L E S I O N N E M A T O D E S 
There was a significant effect o f soil depth on the population of Pratylenchus sp. in 
banana (Arya et al, 1999). Goheen and Williams (1955) found that the density of Pratylenchus 
reached its maximum in the roots of brambles in June, after which it decreased rapidly and remained 
low through summer, autumn and winter until plant growth started in spring. Duncan (1998) 
found female body length of Pratylenchus coffeae and starch concentration in citrus {Citrus sinensis) 
fibrous roots were positively correlated. Twenty-four per cent (p < 0 . 0 1 ) o f the variation in body 
length was explained by relationship with starch concentration. Pratylenchus pratensis had little 
influence on population dynamics and was found mainly in small roots at 25 to 60 cm in Trifolium 
/^^ro/eme (Shesteperov, 1981). 
Tea fields with high acidity hydrogen ion potential (pH) were subjected to severe damage 
from even lower populations of Pratylenchus loosi and Pratylenchus crenatus (Gnanapragasam, 
1987; Urek, 1998). Soil pH indirectly affects the nematodes through the host plant (Lowenberg el 
at, I960). There is good evidence of correlation between pH and nematode numbers. Morgan and 
MacLean (1968) stated that Pratylenchus penetrans maintains itself over the pH spectrum of most 
agricultural soils (pH 5.1 to 6.5) but thrives best at 5.5 to 5.8; above pH 6.6 there is a rapid decline 
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in numbers. The greatest numbers of Pratylenchus al/eni occurred at pH 6.0. The low numbers of 
pH 4.0 were associated with high leve's of potassium, manganese and phenols in the soybean 
plants and in addition a thick suberised outer layer developed on roots (Bums, i 971). This possibility 
cannot be ruled out in perennial plants or trees. There is evidence that pH may be inhibitory to 
nematodes below pH 5.0 and above pH 8.0 (Wallace, 1965). 
The optimum pH for movement of Pratylenchus penetrans was 0.6. Pratylenchus crenaUis 
moved equally over a range of pH 5.0 to 7.0 around lucerne, alfalfa and timothy roots. Mobility of 
Pratylenchus crenatus in vertical soil columns decreased as soil temperature mcreased from 
9.5" C to 28.5° C (Kimpinski and Willis, 1981). Mancini el al (1980) in a seasonal dynamics 
observed that in sand maximum nematode density was between 40 cm and 80 cm depth with 
Pratylenchus in dominance. Soil texture was a more significant factor than pH and temperature 
in vineyards. 
The population of Pratylenchus thornei in strawberry clover reached a maximum in 
summer on clayey soil and in winter on sandy soil. Maximum numbers were greater in the clayey 
than in sandy soils. The optimunj soil moisture for hatching, field capacity and pore size for 
movement is 30 to 100 i^m. Physiological stress on plants due to soil moisture deficit afTects the 
nitrogen content of the plant (Grandison, 1973; Grandison and Wallace, 1974). Prasad and Rao 
(1979) reported that the population of Pratylenchus indicus was higher in 0 to 8 cm during November 
to February and in 8.1 to 16 cm during May to August. Peaks of population occurred when soil 
temperature ranged from 26° C to 29° C. At 22.4° C or less from November to March and 32° C or 
above during April-May nematode population was reduced in rice. Gubina (1971) found that 
Pratylenchus sp. in the roots of pine trees were reduced in summer due to a fall in humidity (16 per 
cent), colonisation of pine roots and the rise in soil humidity to 25 per cent. Irrigation increased 
the population of Pratylenchus. Monthly populations of nematodes fluctuated significantly with 
changes in temperature and moisture; with irrigation the nematodes increased in the absence of 
natural periods of moisture stress. The correlation with soil temperature and moisture were not 
significant. The maximum number of nematodes were found at 0 to 20 cm depth in spring and 
summer and 0 to 30 cm in autumn. 
Between 47-84 per cent of Pratylenchus sp. were in 0-10 and 64-94 per cent in 20 cm 
depth. A higher proportion was found in 10 cm of sand and sandy loam than in clayey soil (Taylor 
and Evans. 1998). The population of Pratylenchus scrihneri reached a maximum in August or 
September and was concentrated at 0-15 cm (Willut and Maiek, 1979). Pratylenchus population 
was similar up to one foot in blueberry and the population of Pratylenchus reached peak density in 
July and August but declined sharply in the fall (Ingham et al, 1987). Rossner (1972) pointed out 
that Pratylenchus penetrans was maximum at 5 to 45 cm depth in summer barley. But Forge ci al 
(1998) claimed that the population of Pratylenchus penetrans in most of the seasons was greatest 
in 5 to 10 cm depth around raspberry roots. 
Szcygiel and Haisor (1972) observed that the population of Pratylenchus coJJl-lu' in roots 
of strawberry' plantations reached a peak in April-May and August-September. Highest and lowest 
levels o\' Pratylenchus population around the roots of apple trees were in May to December and for 
pears in June and January. Nematode population reduced rapidly in August for both the trees. 
Rainfall affected the nematode population. Optimum temperature for the development of nematode 
population ranged from 22.9 to 28.6° C. At all depths, soil temperature had a direct effect (Kaul, 
1986). Misra and Singh (1977) claimed that the population of Pratylenchus was high at 30 on. 
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Maximum nematode population was at distances of O-IO cm from the base o f the sugar cane clump. 
Highest population of fratylenchm praiensis was recorded in October around citrus roots (Baghel 
and Hhatti. I <>82). Praiylenchus viilniis was found in high numbers throughout the year with a rapid 
increase during August to December. Praiylenchus vulnus was always associated with rapid 
dotenoraiKin ot" feeder roots and reduced vigour of trees. Praiylenchus zeae was low in January to 
June and hi^h during Sepiemher to Deceniber. Praiylenchus hrachywus had relatively small 
populations and was not associated with severe damage to root; vigorously growing trees with 
good root systems supponed low populations of Praiylenchus hrachvurus the year round (Fliegel, 
l%9). 
CrrRUSNE.MATODES 
Chhabra el al (1978) reported that maximum population of Tylenchulus semipenelrans 
around Cilrus maxima trees occurred in April and August/September. Uribe e / o / ( 1980) determined 
the population levels from December 1976 to November 1977 and they observed that population 
levels of Tylenchulus semipenelrans in citrus was highest ft-om December to April. A negative 
correlation v,as obtained between juvenile nematode population and soil" humidity. Nevertheless, 
populations remained high at humidity levels between 8 and 19 percent. Population of Tylenchulus 
semipenelrans around lemon was highest in May and September, soil population decreased in June 
(Kalyviotis-Gazels, 1977). Highest populations of Tylenchulus semipenelrans larvae and males 
around four Ciirus aureniium in Iraq occurred during November-December and lowest in July-
August. The number of mature females was highest during April-May and lowest in July-August. 
The citrus nematode population was found correlated with plant age, condition of root system and 
soil factors. Population was higher at soil depths where more feeder roots were present. Plants of 
intermediate age (15-20 >ears) showed moderate decline symptoms but supported heavy populations 
whereas ver\ cid plants (80 years) showed severe decline symptoms but supported poor populations. 
Populations '-ere very lo'.». around young plants (3-10 years). A pH of 7 .4 -7 .8 was found to support 
the highest populations (Husain el al, 1981). Mohammad el al (1983) observed highest soil 
populations of Tylenchulus semipenelrans around citrus orchard during November-December and 
lowest during July-August. The highest number of mature females/g of root occurred during April-
May and lowest during July-August. The soil population of Tylenchulus semipenelrans was higher 
at so i l depths where more feeder roots were present. A pH range o f 
7 .6-7 .75 supported the highest populations. Soil type and percentage of CaCOj in soil influenced 
the seasonal tluctuations, Jagdale el a / (1981) collected soil samples from rough lemon stocks over 
a 12-month period. They observed that Tylenchulus semipenelrans populations were highest in 
January and February u hen mean monthly temperatures were near to the lowest level in lemon roots. 
The highest member of Tylenchulus semipenelrans larvae was obtained at 120 cm distance and 30 cm 
depth in cita-s (Chawla and Shanma, 1985). Sharma and Sharma (1982) found that Tylenchulus 
semipenelrar.s population was highest in 0-30 cm vertical and horizontal zones around the citrus 
trees irrespecrive of age Populations decreased as depth and distance decreased. Population of 
Tylenchulus <x;mipeneir.:'is increased in spring around citrus roots (O'Bannon and Stokes, 1979). 
BURROWING NEiMATOOES 
Pincvhet (197~! observed typical root lesion symptoms caused by Radopholus similis in 
banana row- He suggested that otln-r plant parasitic nematodes were svipprcssed by RaJopholiis 
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similis in that part of the root systems near the rhizome due to competition for feeding sites. Low 
population level of Radopholtis similis in banana zone occurred during or after heavy rain but high 
peaks or initial accelerated growth was observed during the dry months (Jimenez, 1972). The highest 
population of Radopholus similis in coconut and arecanut roots was recorded during October to 
November and lowest or nil during May to July. Though the populations were low during August to 
September and January to February, they were around the detectable level of 4/g of root. Ecological 
conditions such as rainfall, temperature and availability of infested roots play their own roles in the 
population build up. Temperature has a more decisive effect as compared to other factors (Koshy 
andSosamma, 1978). 
Marcelino et a/(1978) observed that highest peak of Radopholus similis in roots of valery 
banana plants was in November. Maximum rainfall and low population densities in April and August 
were preceded by declines for three consecutive months. Population peaks occurred in the roots of 
banana after the flowering period when precipitation levels were high. Nematode numbers fall during 
the dry season and at the time of flowering (Vilardebo, 1976). 
Annual peaks in numbers oi Radopholus similis are associated with active growth of the 
plant, whereas smallest populations coincided with periods of heavy rainfall (Jaramillo and Figuera, 
1974). Melin and Vilardebo (1973) observed successive annual peaks for Radopholus similis coinciding 
with the emergence of the banana flower, a phase of active root growth, whereas small populations 
occurred during the dry months when soil conditions were unfavourable for root growth. Horizontal 
distance from pseudostem of banana affected the percentage of Radopholus similis. There was a 
significant effect of soil depth on the density of Radopholus similis. Higher percentage of Radopholus 
similis was found at 0-30 cm horizontal distances from the pseudostem of banana and 30 cm deep 
from the soil base (Arya el al, 1999). 
BUD AND LEAF NEMATODES 
Szcygiel and Haisor (1972) pointed out that Aphelenchoides rilzemabosi and Aphelenchoides 
fragariae showed peak populations in March to May and November to January. The soil temperature 
and moisture influenced the population of nematodes in strawberry plantations. Soil temperature 
and moisture were also the important factors for the population build-up of Aphelenchoides absari 
(Haseebe/fl/, 1978). 
The population of Aphelenchoides sp. was found (active) in every month's soil sampling. 
The male worms increased as the population level increased and were found deeper in the soil. The 
Aphelenchoides species tended to be slightly deeper down during the cold periods in apple orchards 
(Ogigaand Estey, 1973). 
STUNT NEMATODES 
There was a correlation in the population fluctuation of Tylenchorhynchus brevidens around 
wheat roots with rainfall (Norton, 1959). Tylenchorhynchus dubius had the greatest populations in 
spring (Szcygiel and Haisor, 1972). Oostenbrink (1966) correlated the seasonal fluctuations of 
Tylenchorhynchus dubius with plant growth rather than other factors. The population of 
Tylenchorhynchus was highest at 10 cm depth and 0-10 cm distances from sugar cane clumps (Misra 
and Singh, 1977). McSorley (1997) in citrus grove and bahia grass pasture, found that the populations 
of Tylenchorhynchus were correlated with rainfall. 
Dao (1970) demonstrated a marked influence of temperature on the population density of 
nematodes. Ross (1962) found a marked decline in the population of nematodes during July, when 
- 5 5 1 - -
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temperature was above 90° F. Tylenchorhynchus vulgaris maintained their populations without 
major fluctuations. Tylenchorhynchus vulgaris did not show any host preference (Srivastava and 
Sethi, 1986). 
RING ANDSHEATH NEMATODES 
The populations of Criconema, Criconemella and Hemicriconemoides were greater in 
citrus groves and an adjacent bahia grass {Paspalum notatum) pasture (McSorley, 1997). The 
population of Criconemoides curvatum was highest in April to May in the roots of Citrus (O'Bannon 
and Stokes, 1979). Population of Hemicriconemoides mangiferae in the rhizosphere of sapodilla 
{Achras sapola) showed two peaks. One in March-April and other in October-November. Soil 
temperature of 19-22° C and moisture of 12-16 per cent favoured population development (Saeed and 
Ghaffar, 1986). The population density of Hemicriconemoides around the roots of mango appeared 
to be closely related with soil moisture content and temperature. The drought conditions prevalent 
during the summer months of April, May and June are largely influenced, in turn, by the continuous 
higher soil temperatures (26-34° C) prevalent in those months. On the other hand the low soil 
temperatures in December and January also might have had adverse effects on the nematode 
populations. This combined with low soil moisture levels during these months lead to population 
decline. Such interactions between soil temperature and soil moisture do not occur in the other 
months of the year when the rainfall received helps to keep the moisture levels in the soil fairly high. 
Besides these factors, it is likely that population fluctuations are related to growth of the mango 
plant (Khan elal, 1971). 
LANCE NEMATODES 
The maximum population of Hoplolaimus indicus around the roots of Citrus timon occurred 
at 0-10 cm depth and optimum temperature for the nematode multiplication was 20-28° C (Malhotra el 
at, 1986). The highest number of Hoplolaimus indicus around the roots of peach {Prunus persica) 
trees occurred in April around the healthy trees producing new feeder roots and was directly correlated 
to vigour. Hoplolaimus indicus population increased from April to May in the rhizosphere of citrus 
(Baghel and Bhatti, 1982). The population of Hoplolaimus indicus in Zizyphus jujuha was highest 
during August-September just after the rainy season at all vertical depths in the soil. The soil 
temperature for the growth and development of the nematode was 30° C (Dwivedi et o/, 1988). 
Kraus-Schmidt and Lewis (1979) observed that at the beginning of the season the number of 
Hoplolaimus indicus on cotton increased in the roots, reaching a peak at mid-season and decreased 
correspondingly in the soil. At the end of season the opposite trend was observed. Where initial 
populations were small, the peak was reached later. Lack of significant differences between monthly 
samples was attributed to great variability in the nematodes in soil and roots, and lack of uniformity 
of infestations. The population of Hoplolaimus columhus was greater at a depth of 0-15 cm. 
Rossner (1972) claimed that the population of Hoplolaimus galeatus was maximum in spring 
(April to May) with new root growth of citrus. The population of Hoplolaimus associated with 
mango was equally affected by soil temperature and moisture (Khan et at, 1971). Ahmad and Chen 
(1980) found that the effect of pH varied with the host plant The population of Hoplolaimus 
galeatus was greatest at pH-7 for bean and pH-5 for barley. 
SPIRAL NEMATODES 
In a three year experiment in Czechoslovakia (Vargova and Sabova, 1986) claimed that 
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soil nematode levels were highest in June and lowest in August, coinciding with the highest and 
lowest rainfall but were prolonged in April/May fol lowed by excessive precipitation in June/July. 
The population occurred in August. The population levels were related to temperature. Heavy 
rainfall caused a population reduction for Helicotylenchus mulUc'mctus on banana. A peak o f 
adult nematodes occurred, which was fol lowed by two successive peaks before the onset o f low 
temperatures (Jones, 1980). 
In a temperate environment, populations o f Helicotylenchus vulgaris in the grassland 
had one peak in spring and another in summer. Most Helicotylenchus vulgaris were at 4 -8 cm in 
August and at 8-10 cm in February with no pronounced population peak in May or November 
(Yuen, 1966). All stages o f Helicotylenchus mullicinctus occur in banana roots (Zuckerman and 
Strich-Hararari , 1963) . McSor ley and Parrado ( 1 9 8 1 ) observed the soi l popula t ions o f 
Helicotylenchus sp. peaked in O c t o b e r - D e c e m b e r w h i c h corresponded to the end o f the 
rainy season. 
Popu lation o f Helicotylenchus indicus was highest in January (16-17° C) and then October 
(27-28° C) and lowest in June (> 34° C). Soil moisture o f 6-7 per cent supported the highest 
populations followed by 11-12 per cent (Shukla et al, 1986). The greatest reproduction occurred 
at 25° C. Little or no reproduction occurred at or be low 15° C (Smolik, 1982). Population of 
Helicotylenchus dihystera was high in October around citrus (Baghel and Bhatti, 1982). Smith 
and Wallace (1976) did not find any significant effect o f temperature and rainfall on Helicotylenchm 
dihystera. Major peak o f Helicotylenchus dihystera occurred in August (Barker et al, 1969). 
Rossner ( 1 9 7 2 ) pointed out that the best condit ions for the development o f Helicotylenchus 
pseudorobustus were at 5 to 15 cm. Helicotylenchus pseudogonicus had the highest population in 
spring (Szcygie l and Haisor, 1972) in s trawbeny plantations. Bernard and Hussey (1979) studied 
the seasonal changes in the population o f Helicotylenchus dihystera around the roots. In clayey 
soil, Helicotylenchus digonicus population dominated. Soil texture was a more significant factor 
than the pH or temperature in vineyards. The highest populations o f Helicotylenchus sp. occurred 
in April around healthy trees o f peach (Saxena et al, 1972). Helicotylenchus rtwlticinctus was 
more abundant in three-year-old mango trees (McSorley et al, 1981). The largest population of 
Helicotylenchus was observed at 10 cm in a sugarcane field (Misra and Singh, 1977). 
Soi l temperature and moisture were equally important for the population build-up of 
Helicotylenchus in mango (Khan et al, 1971) . The population o f Helicotylenchus was found 
slightly deeper down during the cold periods in apple orchards (Ogiga &. Estey, 1973). 
Distribution pattern o f Helicotylenchus indicus around the roots o f Zizyphus jujuha was 
at peak in August-September at all vertical depths. Optimum soil temperature was 30° C, optimum 
soil moisture was 10-15.5 percent and optimum pH was 7 .0 -7 .8 for the multiplication o f nematode 
populations (Dwivedi et al, 1986). 
D A G G E R N E M A T O D E S 
The population o f Xiphinema americanum was high in upper 60 cm o f undisturbed soil in 
vinerows (Ferris & McKenry, 1974). Norton ( 1 9 6 3 ) studied the population levels o f Xiphinema 
americanum in alfalfa fields and observed that Xiphinema americanum was greatly affected by 
changes in soil moisture. The population of Xiphinema americanum increased in spring (April to 
May) with new root growth o f citrus. Lowest population density occurred during (January to 
March) the winter season (O'Bannon and Stokes, 1979). 
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The efTect o f soil moisture was more pronounced on the population level o f Xiphinema 
americanum than the soil temperature (Norton, 1963; Malik and Jairajpuri, 1983). Reproductive 
period of Xiphinema americanum and Xiphinema rivesi was limited to late spring and early summer 
in apple orchards (Jaffee el al, 1987). The numbers o f Xiphinema americanum was highest in 
August or September. The population o f the nematode was concentrated in 0 -15 cm depth (Wiliut 
andMaIek, 1979). 
Ingham ei al (1987) pointed out ihdiXiphinema numbers were moderately high from January 
to April, increased in May and then decreased sharply in July in highbush blueberry. Highest and 
lowest levels of Xiphinema in apple roots was in May and December and in pear in June and August 
(Kaul, 1986). 
Population of Xiphinema index was high in October. Higher population was recorded at 30 
cm distance fi-om citrus tree base and 0-15 cm depth (Baghel and Bhatti, 1982). Harris (1979) claimed 
that the population of Xiphinema index adults reached a peak in summer and then declined rapidly. 
The numbtv of Xiphinema index was greatest at 15 cm depth and was greater in a sandy loam than 
in clayey soil. 
The population of Xiphinema pachtaicum was abundant in upper 20 cm soil in vineyard. 
Highest number o f females was recorded in June. A marked increase in population was in early 
summer and early autumn (Bravo and Jardin, 1993). 
STUBBY ROOTAND NEEDLE NEMATODES 
Trichodorus was abundant between February and May and between August and November 
but densities were very low in summer in high bush blueberry fields. Trichodorus was more abundant 
at 30 cm depth (Ingham et al, 1987). The population of Trichodorus velalus was greatest between 0-
29 cm depth. The greatest larval to adult ratio was in top 10 cm around spruce (Piceasilchensis) trees 
( B o a g , l 9 8 l ) . 
Rossner ( 1 9 7 2 ) studied Trichodorus pachydermus, Trichodorus sparrus and Longidorus. 
He pointed out that Longidorus quickly migrated downwards, some Trichodorus reaching 2 0 0 cm 
depth in 100 days and 3 0 per cent o f the Longidorus population reaching 75 to 100 cm in two months. 
In summer Trichodorus preferred 4 0 cm depth but the upper layers o f soil in autumn. The best 
conditions for development o f Trichodorus pachydermus and Trichodorus sparrus was 5 to 75 cm 
depth. There is a c lose relationship between temperature and distribution of plant parasitic nematodes 
like Longidorus. The population of Trichodorus christiei increased in spring with new root growth 
of citrus. Lowest population was in January to March (O'Bannon and Stokes, 1979). Population 
d e n s i t i e s o f Paratrichodorus w e r e c o n s i s t e n t l y g r e a t e r (p < 0 . 1 0 ) in the roo t s o f 
citrus tree. 
OTH ER PLANT PARASITIC NEMATODES 
In a temperate environment, populations o f Rotylenchus pumilus had a spring peak in the 
regenerated woodland and ungrazed grassland. The nematode population was most abundant in 
the surface soil and the density decreased with depth except during August. In wheat crop, where 
the soil was only partly covered, most nematodes occurred at 6-8 cm and few at 0-2 cm. During 
November, February, May and August most Rotylenchus pumilus populations were at 0 -2 cm in 
the grassland. Lowest populations occur in the winter months (Yuen, 1966). 
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The population of Rotylenchus robuslus descended hardly and the best conditions for the 
nematode development were at 5-25 cm (ROssner, 1972). The population o^ Rotylenchus robuslus 
was most numerous at a soil depth of 10-19 cm around Sitka spruce. Soil moisture content of < 8.7 per 
cent restricted the 50 per cent movement o f the nematode. The overall mean basal soil temperature 
6.5° C was calculated. Soil temperature was considered dominant factor controlling the rate of 
development under field conditions. Soil moisture occasionally became the limiting factor 
(Boag, i982) . 
Pratylenchus population was reduced in summer due to a fall in humidity (16 per cent) 
(Gubina, 1971). Irrigation increased the populations o f PraO^/e/jc/zwi. Monthly nematode population 
fluctuated with the changes in soil temperature and moisture (Yeates, 1978). The population of 
Pratylenchus projectus was high in spring (Szcygiel and Haisor, 1972) in strawberry plantations. 
Data collected over 12 months showed the population of the sting nematode, Belonolaimur. 
longicaudatus nematode in upper six inches of soii to be most numerous in April and May and 
fewest in June and July in forage grass (Boyd and Peny, 1971). The population of Belonolaimus 
longicaudatus increased in April-May (spring) in citrus. Highest numbers of Belonolaimus 
longicaudatus occurred in November and December, declined drastically in late winter and spring 
(Barker e /a / , 1969). 
Irrigation decreased the population of Tylenchus and Cephalenchus (Yeates, 1978). Highest 
and lowest population levels of Tylenchus and Psilenchus in the roots of apple trees were in May 
and December, and for pear trees in June and January (Kaul, 1986). 
Kraus-Schmidt and Lewis (1979) studied the seasonal population fluctuation ofScutellonema 
brachyurum on cotton. At the beginning o f the season, nematode increased in the roots and 
reached a peak at mid-season and decreased correspondingly in the soil. 
The population of Macroposthonia sp. and Quinisulcius acutus were more abundant around 
three-year-old mango trees (McSorley et al, 1981). 
The population of Ditylenchus dipsaciwas reduced in summer due to less humidity (16 per 
cent) (Gubina, 1971). T\\epopu\at\on of Bunonema, Miconchus znd Jf/Ziowma were correlated with 
rainfall (McSorley, 1997) in a citrus grove and adjacent bahia grass. 
During a study in Japan, seasonal fluctuation numbers o f the pine wood nematode 
Bursaphelenchus xylophilus transmitted Japanese black pine, Pinus thunhergii frofn the bodies of 
adults o f the cerambycid Mononchus alternatus. Nematodes invaded the pine trees in mid June- iate 
July, with a peak in late June. A cumulative 50 per cent of the trees were diseased after a cumulative 
50 per cent o f the nematodes had invaded the pine trees (Shibata, 1985). 
Reniform nematode, Rotylenchulus reniformis multiplied well on Vigna ungiticuUna and 
maize (Srivastava and Sethi, 1986). Soil temperature and moisture were important for the populatiori 
build-up o f plant parasitic nematodes around four fruit trees. The population of nematodes was high 
in October, November or February and March because temperature during these months was more 
favourable for multiplication o f all nematodes (Haseeb et al, 1978). 
The number of stylet bearing nematodes around winter wheat reached two peaks during 
the autumn tillering and when growth began again in spring, a low point was registered in the 
winter. The highest number o f nematodes was found in June on healthy plants, while on infected 
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2 0 2 SEASODAL FLUCTUATIONS OF r iEMATODE POPULATIOf l 
plants the number of nematodes was very high in May (Baiakhnina, 1973). The population of plant 
parasitic nematodes was found greatest during August-November and smallest in winter (Popovici, 
1971). Yeates (1981) pointed out that 40 laxa distinguished (mostly to genus) were poorly correlated 
with seasonal variation in the environmental factors measured. 
Seasonal fluctuations in the population of plant parasitic nematodes around eight perennial 
fruit tecs were studied. It was found that the population of nematodes was more during the periods 
when the moisture contcnt of the soil uas increased. Changes in total nematode population were 
directly correlated with the moisture. I'he population declined during dry condition of the soil. It 
can be due to the desiccation or downward migration of nematodes in the soil. The soil temperature 
and pH was found to have influence in this respect (Siddiqui el al, 1988). High population build 
up of plant parasitic ne.matodes from February to May and again in September around lemon grass 
and pomegranate. The population declined ft"om June to August and then fi-om October to December 
(Siddiqui and Alam, 1988). A summary of the seasonal fluctuations in the population of plant 
parasitic nematodes associated with some selected plants has been given in Table 2. 
CONCLUSION 
The relationship among the numbers o f the population densities of plant para§itic 
nematodes in soil, rate of reproduction and plant growth is a complicated ecological situation. 
Environmental factors especially temperature, pH value, soil texture, aeration and osmotic potential 
may affect the nematode population in the soil, in soil water and in the host plant. A thorough 
knowledge of these interactions is essential for the development of Nematode Pest Management 
Programmes. 
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C E I A P T E R 6 
CROPPING SEQUENCES FOR THE MANAGEMENT OF 
PLANT PARASITIC NEMATODES 
Mansoor A. Siddiqui and M. Maslikoor Alain 
INTRODUCTION 
Crop rotation is one of the oldest and 
most important method for managing 
nematodes that feed on roots of annual 
crop plants (Nusbaum & Ferris, 1973: 
Idowu, 1989. Barker. 1991). It is an old but 
effective and widely used land management 
practice for the reduction of nematode 
population in the soil. The concept of 
rotating crops is a part of the agricultural 
history of many subsis tance level farming 
operations. Planting crops in special 
sequences was used by early civilization in 
Peru to control the potato cyst nematode 
without knowing the presence of nematode. 
The resistant crops or non-host crops for 
the nematode management must be rotated 
with susceptible crops. Growing a resistant 
or non host crop for only one year is helpful 
but generally inadequate. But two or more 
years in production of a non-host crop 
resulted in decrease of the soyabean cyst 
n e m a t o d e , Heterodera glycines t o l o w o r 
undetectable levels with acceptable 
subsequent yields of soyabean (Schmidt. 
1991). Two resistant non-host crops 
between susceptible crops may be 
necessary for effective control of nematodes 
(Sasser. 1989). The optimal crop rotation 
strategies varied with crop value and initial 
nematode population level (Ferris & Grcco. 
1992). 
Certain cyst and root knot nematodes 
attack only a limited number of crops. This 
s i tuation provides a wider choice of non-
host crops available for use in the rotation. 
For instance, soyabean is the congenial 
host of soyabecm cyst nematode. 
Heterodera glycines. Plant non-host crops 
like corn, cotton, peanut, tobacco and 
many other crops in the rotation rapidly 
decreases the population of this nematode. 
The term "cropping system" covers all 
kinds of crop sequences including 
cont inuous monoculture, whereas "crop 
rotation" implies an inflexible cycle or a 
5 3 2 
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fixed series ol crops (Nusbaum and Ferris. 
1973). Crop rotation allows the effective 
control of soil nematodes and the spatial 
diversity can be achieved by mixing 
varieties, intercropping and us ing (rap 
crops (Derron. 1988). 
On the bas is of the experiences of 
farmers this method was. by and large, 
adopted to such management practices a s 
a means of improving soil fertility and crop 
productivity. This method was developed 
emperically on the basis of life history of 
nematodes and host ranges and wen-
targeted at the control of a single nematode 
species on a susceptible main crop. It 
requires no high cost or high technology 
impacts. Crop sequences were evaluated on 
the basis of root disease severity and 
performance of the main crop at the time of 
han.'esting. It is particularly suitable for u s e 
in developing areas of the world. Sequential 
alternation of crops with varying degrees of 
susceptibility to the nematode pest c a n 
produce striking results in the reduction of 
crop losses. 
Crop rotation is acceptable and 
adaptable to a wide variety of nematode 
problems and offer great flexibility in 
application. In an optimum crop rotation 
systems, the preceding crop prevents 
damage to the following crop by the target 
nematode spec ies and s u p p r e s s i ts 
population without increasing other 
species of nematodes that may be parasitic 
to the future crop (Johnson. 1985). In 
cropping sequences , the crops are grown at 
different intervals in such a way that the 
nematode populat ions remain at safer 
levels. The tolerance level for most h o s t s of 
Heierodera goeUingiana is less than one 
e g g / g soil. The conventional economic 
thresholds and optimal crop rotating varied 
with crop value and initial nematode 
population level. Generally a host crop can 
be profitably grown one year in 3 years: at 
low initial population levels. 2 h o s t s can be 
grown in three years (Ferris & Greco. 1992). 
Nematodes having narrow host range a i e 
easy to l>e managed by cropping. Tlie high 
nematode population is brought down to a 
safe level by growing crop that are cither 
non hosts or very poor hosts (Hesling. 
1958; Stone, 1960). 
A number of studies have been tnadr (ui 
th<' effects of growing non-hosi c rops in 
ditlcrent cropping sequences on the sinulc 
populations of phytoparasitic n<Mnat<Kl< s 
(Ivanowa. 1978: Nusbaum & Ferris, 197;^: 
N w . 1986: Noc cl al.. 1991). 
Tlic effectiveness of cropping s<tiuenccs 
in "Integrated Pesl Management' 
programmes can be enhanced, if the 
precise knowledge is acquired on the 
dynamics of nematode populations in 
relation to epidemiology' cf root d i seases 
involving these pests. For instance, several 
plant parasitic nematodes arc recognized. 
Some are sedentary during developmi-nt 
and reproductive periods, whereas others 
are migratory. Endoparasitic nematodes 
penetrate into the roots, ectoparasites 
remain outs ide the roots and others are 
intermediate. The multiplication rate 
s h o w s with increasing population density 
until an equilibrium density is reached at 
which multiplication just suff ices to 
maintain the population density. 'Hic 
characterization of crop cultivars in terms 
of E" (Ekjuilibrium density) and "a" (the 
maximum reproduction rate of the 
nematodes on that crop) for each nematode 
species and under various environmental 
s i tuations then becomes invaluable in 
planning cropping s y s t e m s for nematode 
population management . Since "E" and a' 
are not necessarily correlated with T 
(Threshold of Tolerance i.e. the population 
density' below which no loss in growth and 
yield occurs) Seinhorst. (1967). Both T 
and E' would be high for a good host and 
low for a poor host. Tlie general model 
developed by Seinhorst (1965. 1970). for 
determination of tolerance limit and yield 
responses to nematodes is : 
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Y = m + (l-m)Z''^ 
where Y = a ratio between yield al nematode 
population density P and that in the 
a b s e n c e of nematodes: m = tlie yield at 
nematode densit ies in which all available 
space is occupied by the minimal 
nematodes (minimal yield). Z = a constaii l 
less than I (= to llie |)opulatioii of plaii ls 
not attacked at the population density I' 
= 1); P = the population density, which is 
usual ly > T (Y = 1 where P is equal or l ess 
than and T = the nematode density 
below which no detectable loss in yield 
occurs. TTie Z value depends on nematode 
species , host species, and external 
conditions. Z^ usually ranges from 1.05 to 
1.15 (Seinhorst. 1965. 1970). The most 
profitable management alternative for a 
particular plant parasitic nematode 
infestation would be to use the land as 
pasture for a number of years, t h u s rotating 
to a profitable "non-host". At the time of 
termination of experiment i.e. harvesting is 
important to note that the population of 
plant parasitic nematodes had been 
reduced upto the economic threshold in the 
future crops. 
Control measures may aim at the 
protection of one crop in a year from 
damage or it balancing the multiplication 
of a nematode on one or more hos t s in a 
rotation (Seinhorst. 1973). A cropping 
sys tem should be selected so that one crop 
does not produce the population of 
nematodes larger than the economic 
threshold density of the succeeding crop in 
the system. 
Crop rotation is one of the opt ions in 
regulating nematode populations, but its 
greatest potential undoubtedly lies in the 
role it may play in integrated control 
programmes of the future (Van Gundy. 
1972). Use of crop rotations c a n be 
determined by their relative value in 
complement ing other practices in total 
management systems that are effective, 
economical and ecologically sound. 
1. AIM OF CROPPING SEQUENCES 
Tlie specific aim of this technique (Noc. 
1986) are : 
(1) To provide farmers with optimum crop 
rotatiot i /management sequences for 
limitinii crop losses due to plant 
parasilic nematodes. 
(2) To quantify the relationsiiips ol 
ncmat^Kie numbers to crop yields for a 
variety crops and plant parasitic 
nematodes of world wide importance. 
(3) To demonstrate the feasibility of 
optimizing cropping sys tems for 
farmers through an "International 
co-operative Research" effort. 
Bessey (1911) and Birat (1969) found 
out that certain cropping sys tems restrict 
root knot nematode in susceptible 
vegetables. The selection of appropriate 
cropping s equences can be an effective tool 
in the management of plant parasitic 
nematodes population. Various s tudies 
have done on crop rotation to manage plant 
parasitic nematodes . 
Muro (1975 a.b) pointed out that 
ground nut . miii/.e. wheat , and sorghum 
re<luccd the incidence of Meloidogyne 
incognita larvae in soil. Reduction in 
population of M. incognita on tobacco had 
been observed by rotating it with barley, 
fescue and orchard grass (Southards & 
Nichols. 1972). Roy (1978) tested seven 
different cropping sequences for reducing 
t h e i n f e s t a t i o n o f Meloidogyne graminicola 
on rice. He concluded that rotation with 
poor hos t s were found to reduce nematode 
population but did not eradicate the 
nematode completely. Reduction in 
numbers of M. graminicola juveniles was 
highest (85%) in a year when mustard and 
guizitil (Guizotia abbysimia) were mixed 
sown in w n t e r followed by mixed sowititi 
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of deep water rice with sesame. There w a s 
65% reduction when mustard was grown 
alone followed by deep water rice mixed 
wi(h millet (Rahman. 1990). Two success ive 
croppings of cowpca and mungbean grown 
after rice rcduced (he population density of 
Pratylenchiu; zeae resulting in the higher 
yield (Aung & Prot, 1990). Hutton el aL. 
(19H2. 1983) successful ly controlled M. 
incognita in field I rials in a crop rotation 
u s i n g Hibiscus sabdarijja/clean f a l l o w / 
Muniliot esculcnla/weed f a l l o w / c l e a n 
f a l l o w / W g n a sinensis/Atnaranlus viridis/ 
H. sabdariffa. Aiuosu (1982 a.b) pointed 
out that the root knot galling caused by 
Meloidogyne sp. w a s lowest in sequence 
with rice, groundnut, maize and cassava . 
Number of M. hapla larvae in soil w a s poor 
after three radish crops and highest after 
carrot with onion (Brodie & Laughlin. 
1977). Juvenile population of M. hapla 
increased and carrot yield decreased 
following 3 7 m o n t h s of cont inuous carrot 
crops. A two year sequence of cotton wheat 
cotton, cotton-barley-cotton and maize-
onion-peanut were found most effective for 
lowering root galling and subsequent ly 
greater yield (Hashmi & Hashmi. 1990). 
Eragrostic curvula decreased M. Javanica 
population in soil (Koen & Grobbelaar. 
1965). Tagetes crccia significantly reduced 
M. Javanica population on tomato (Abid & 
Maqbool. 1990). RotaUon with marigold 
reduced the M. Javanica infection in carrot 
and increased yield (Huang. 1984); and 
Paspalum notatum o f M. incognita o n c o t t o n 
(Rodgriguez-kabana & Pearson. 1972); 
w h i l e Arachis prostrala a n d Prosphocarpus 
palustris maintained soil populations of M. 
incognita (Wilson & Caveness. 1980). Crop 
rotation with barley, fescue and orchard 
grass reduced the population of M. 
incognita on tobacco. 
Murphy el ai. (1974) found that M. 
incognita population was reduced 
significantly in Crotalaria marigold, 
bermudagrass or bahia grass. S innadurai 
(1973) claimed that rating of Meloidogyne 
sp. . was lowest under groundnut - tomato 
rotation. The peanut followed by peanut 
and maize followed by peanut were the best 
treatments for reducing the population of 
M incognita race and M. Javanica. Maize 
followed by maize and Crotalaria Juncea 
c a m e in second place. Maize and C. Juncea 
apparently hosted the nematodes but their 
reproduction was very low (Moura. 1991). 
T h e s u r v i v a l o f Meloidogyne exigua w a s 
studied in the soil rhizorphere of 9 crops 
cultivated in rotation on an eradicated 
coffee area, previously infested with 
nematode. The second stage larvae-
population of M. exigua was assessed in t he 
soil for 2 3 months when coffee seedlings 
were again plamted as a field bioassay. The 
planting of rice, sorghum, makrueni 
(Panicwn maximum), b e a n , s o y a b e a n . 
Crotalaria speclabilis a n d Stilozobium 
aterrimum drastically reduced the number 
of M. exigua larvae in the soil after six 
months . The absence of second stage larvae 
on coffee planted after 2 3 months of 
rotation confirmed the efficacy of all crops 
used in the study (Almeida & Campos. 
1991). Sharma el ai. (1980) obtained 
several fold increase in the larval 
population of Meloidogyne incognita with 
tomato monoculture followed by a 
substant ia l increase in the tomato-gram 
and soyabean-tomato rotations. Moreover, 
larval population was considerably reduced 
under groundnut mustard rotation. Maize 
and sorghum reduced the Meloidogyne 
arenaria juveniles population in soil, 
however, the population recovered quickly 
w h e n peanut followed either of the two 
crops (Rodgriguez Kabana & Tochton. 
1984. Rodgriguez Kabana et ai. 1990. 
1991a.b.) . 
Rotation with a non susceptible crop 
prevented build up of large population of 
Heterodera glycines o n s o y a b e a n . 
However, the population rose to high levels 
on soyabean followed by cowpea (Ross. 
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1962: Slack et ai. 1981). Soyabean rice cv. 
IR- 8 8 0 - C rotation for 2 years highly 
increased the |X)pulation of 
Tylenchorhynchus matiini in soil, while 
PraLylenchus zeae w a s t h e m o s t 
pathogenic. The soyabean yield was more 
in nematicldal trcalcd plants than 
untreated plants (Fernandez et ai. 1987). 
In a three year host rotations for the control 
of Heterodera glycines wiUi soyabean the 
plots were planted to soyabean or corn 
(maize) after fumigaiion with a split 
application of 1,3-dichloropropene. Nema-
ticidal effects were no longer evident during 
the 4 th year. Yields were most improved by 
the greatest number of years in non-host 
crop. Highest yie lds in descending order 
were from plants following three years of 
maize. 2 years of maize and 1 year of maize. 
Highly significant negative correlations 
occurred each year between initial 
nematode population densit ies and seed 
yields. 
Tlie population of Meloidogyne 
incognita on turnip and maize were reduced 
following treatment with methyl bromide or 
DD-MENCS. Application of fenamiphos to 
cabbage heavily infested with Heterodera 
schachtii resulted in a tenfold increase In 
plant growth and larval population were 
r<>dur<-d by 86% in cabbage cucumber 
rotation (Rhoades. 1982). According to the 
f indings of Lamberti (1973) and Tacconi ei 
ai. (1988) the crop rotations and mineral 
fertilizers affected Tylenchorhynchus 
diibius a n d Pratylenclius thornei p o p u l a -
tions in different ways . Low rates of 
inorganic fertilizers increased the numbers 
of nematodes . The row crops sugar beet 
and tomato decreased the population levels 
whereas an annual forage crop showed an 
increased effect. 
Peas, sugar beet, maize or potato were 
used a s preceding crops for reducing the 
soil infestation by Heterodera avenae 
(Tenkovtseva & Datsuk . 1975). Resistant 
barley variet>' (Anderson. 1975: Graham & 
Stone, 1975). and maize (BachUialer & 
Hien. 1976) have been used against 
Heterodera avenae. 
In soil heavily infested with Heterodera 
carotae, carrots were grown once, twice or 
thrice in different rotations. The nematode 
population increased in all rotations but 
least when carrots were grown only once 
(Abrogioni & Palmisano. 1976). 
Behringer (1978. 1979a. b) found that 
a 2-year rotation rapidly reduce the 
popula t ion of Heterodera schachtii in h igh ly 
infested fields, but he suggested that longer 
rotations (Upto 6 years) is needed in heavily 
infested fields. In different crop rotations at 
2-3-4-nd 6-year intervals with non host 
plants soyabean and cereals caused a 
decreased of the H. schachtii infestation in 
the soil below the population threshold for 
sugar beet with a consequent increase in 
sugar beet yield (Tacconi et ai. 1990: 
Tacconi & Sauti . 1991). Number of viable 
eggs and larvae of H. schachtii decreased in 
fields in a rotation on non Host (NH) e.g. 
corn, wheat and oats with host crops (H) 
e.g. cabbage and table beets (Mai & Abawi 
1 9 8 0 ) . Zea mays a n d Allium cepa g r e a t l y 
reduced cyst number of H. schachtii 
(Vinduska. 1978). J o n e s (1956) reported 
that crucifers in general caused greater 
increase in the population of H. schachtii 
than the numbers of Chenopodiaceae and 
the population was reduced by growing 
onions and beans (Griffin. 1977): and by 
growing early cabbage (Brzeski & 
Fiadzikowska. 1981). The quadrennial 
rotation (Autumn winter cereals maize 
autumn cereals sugar beet) produced a 
marked decl ine in the numbers of eggs and 
juveniles of H. schachtii Growing radish, 
mustard a n d their resistant varieties in 
combination with sugar beet rapidly 
decreases the population of H. schachtii 
(Hincke. 1989). Rotations including 75% 
root crops out yielded t h o s e with 25% root 
crops by upto 40% on w h e a t soils and 75% 
on r\'e soils . There w a s no increase in 
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infestation by H. schachtii but infestation 
by H. roslochicnsis increased in some plots. 
Soil h i imus content decreased In the 
rotations witli root crops. The percentage of 
potatoes could be Increased upto 50% but 
they should only be grown in alternate 
years (Kus & Gonet. 1990). 
A 2-year rotation with bean and pea 
were not effective in reducing Heterodera 
roslochicnsis population. However, a 3 -year 
rotation (potato-bean pea and a 4-year 
rotation (potato pea pea pea) reduced H. 
roslochiensis population (Menon & 
Thangaraju, 1973). The population of 
Globodera roslochiensis w a s r e d u c e d 
Ibllowing one or two plaintings of non hos t 
crops e.g., wheat , sugarbeat and azuki 
(Inagaki, 1978). Magnusson (1981) 
suggested that crop rotation of res is tant 
potatoes and barley/ t imothy could be u s e d 
for G. roslochiensis control. 
In the plots with tomato monoculture 
Tiilklkkalak (1991) observed that the tuber 
yield decreased from 3 5 to 4 .6 t / h a . T h e 
population densi ty of the nematode w a s 
raised during the first 3 years from 0 .1 to 
2 6 5 larvae per g soil. The populat ion 
density fluctuated afterwcirds between 3 0 
and 136 larvae per g. soil. He further u s e d 
resistant (HI) and suscepUble culUvars 
alternatively decreased the nematode 
density under economic threshold or even 
under the level of detection. 
Ponin et ai. (1976) a n d Ponin (1980) 
pointed out that non susceptible crops and 
resistant potato varieties reduced the 
intensity of soil infestation by plsuit 
parasitic nematodes in potato soils. Guinez 
(1981), Poskora & Roszak. 1989) observed 
that high population of phyto parasit ic 
nematodes in potato soils were maintained 
by cont inuous cropping of potato. About 
60% cysts of nematodes were reduced by 
growing non hos t crop or keeping the land 
fallow. Cropping sequences of soyabean, 
millet. wheat, potato and corn controlled 
Meloidogyne hapla. Helerodera glycines 
and Paralylenchus spp. (Nishlzawa el aL. 
1971: Nishizawa 1978 and Raymundo. 
1985). 
During 2-year rotation of different 
cropping sequences , the highest decrease 
in the number of cysts of Helerodera xeae 
was observed in wheat, e ^ p t i a n clover, 
mustard, barley and pigeon pea (Siddiqui & 
Saxena, 1985-1989). The benefits of crop 
rotation in banana cultivation such as 
Canavalia ensiformis. Crolalaria Juncea. 
Mucuna pruriens a n d Desmodiun\ dislorlum 
result from a reduction in root nematodes 
p a r t i c u l a r l y Radopholus similis a n d 
increased fertility, which reduced the costs 
of nematicidal treatments and gave higher 
crop yields. It w a s noted that during these 
s tud ies the population of Meloidogyne spp., 
Helicotylenchus s p p . a n d Hoplolaimus s p p . 
increases on banana roots (Ternisien. 
1989. Ternisien & Melin 1989, Ternisen & 
Gangrye, 1990). Populations of Radopholus 
similis a n d Pralylenchus cojfeae o n b a n a n a 
roots were significantly reduced by growing 
a n t a g o n i s t i c c r o p s viz.. Tageles. lucerne, 
sunn hemp (CrolalariaJuncea} o r c o r i a n d e r 
[Coriandrum sativurni a s I n t e r c r o p for 4 
m o n t h s (Naganathan, et al.. 1988). 
The use of resistant variety of soyabean 
(Pickett-71) w a s found very successful to 
s u p p r e s s population of Rotylenchulus 
renijormis. William el al. (1983) pointed out 
that growang a resistant variety-
considerably managed the population of 
Rotylenchulus reniformis when growing 
cot ton or a succeptible soyabean culUvar in 
the following year. Pea and mustard were 
grown either alone or together in alternate 
rows declined significantly the populations 
o f R. reniformis a n d Tylenchorhynchus s p p . 
( H a q u e & G a u r , 1988). 
Oostenbrink et aL. (1956) and Winslow 
(1964) pointed o u t that cereals generally 
support the multiplication of migratory 
nematodes than row crops s u c h as sugar 
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beat and potatoes within a given soil. 
Oostenbrink (1961) demonstrated a 
significant linear relationship between 
initial population density a n d the effect o n 
host plant. Beet and marigolds were found 
to s u p p r e s s the population of Pratylenchiis 
penetrans and he advised that one of t h e s e 
crops should be grown on infested land 
before potatoes and red clover, which arc 
susceptible . Ferris & Bernard (1967) noted 
different responses of plants to 
Pratylenchiis species. P. penetrans a n d P. 
scribneri increased in corn and soybean 
plots, whereas P. neglectus on wheat. T h e 
increase in population of P. hexincisus o n 
soj'abean was found moderate. Number of 
mixed Pratylenchus spp. communit ies were 
most numerous on wheat after maize a n d 
wheat monoculture had intermediate 
numbers . Sugerbeat when integrated a s 
the previous crop decreased the 
populat ions of pratylenchus (Esmenjaud et 
ai. 1990). Conventional, minimum a n d 
zero tillage trials with maize (summer) a n d 
oats (winter) for 10 years variably reduced 
the population of Pratylenchus. 
Cephalenchus. Ditylenchus. Pleclus. 
Panagrolaimus etc. (Yeats & Hughes . 1990). 
Todd (1991) observed the responses of 
Beloiiolaimus a n d Pratylenchus scribneri 
populat ions to 8 cropping regimes .(5 
cont inuous: lucerne, maize, sorghum, 
soyabean, and fallowed soil; a n d 3 rotations 
: fallow maize soyabean maize and maize 
soyabean) were monitored at depth of 3 0 
and 3 1 - 6 0 c m in sandy soil. He concluded 
that with the exception of lucerne, all crop 
spec ies examined supported substant ia l 
increase in population of both nematodes . 
Largest nematode population increase in 
the field occurred in maize plots, w h e r e a s 
lucerne did not allow reproduction factor b y 
either spec ies during the 2 years of 
observation. Soil populat ions of bo th 
nematodes remained at detectable levels 
after 2 years of fallow. The distribution of 
numbers of Belonolaimus sp. between soil 
depths varied with sampling dates where f. 
scribneri were consistantly concentrated in 
the top 3 0 c m of soil. Prasad & Rao (1978) 
reported that the population of P. indicus 
decreased under S e s a m u m indiciim. 
Brassica nigra Phaseolus mungo var . 
radiatus. P. mungo a n d bare ly a n d w h e a l . 
Under 11 different crops grown in 
monoculture, with or without weed conirol 
the population of Pratylenchus sp. were 
high on cereals and low on lucernc poialo 
and linseed. Helicotylenchus spp. numlx^rs 
were high on witner rye. winter wheat, red 
clover and low on oats and potatoes while 
Tylenchorhynchus sp. numbers were high 
on winter rye. winter wheat and weed plots 
of red clover and lucerene. and low on 
maize, peas, potatoes, linseed and 
sugarbeet (Rossner, 1979). Prasad el ai. 
(1983) pointed out that Phaseohis radiatus 
decreased the nematode populations but 
the population increased in rotations 
i n v o l v i n g Carthamus tinctorius o r Nicotiaiia 
tabacum. Scholte & Jacob (1983) showed 
that cont inuous cropping of maize resulted 
in an increase in population of 
Pratylenchus s p . a n d Tylenchorhychus s p . 
and decrease Meloidogyne population. 
J o h n s o n et al. (1974. 1975) noted that 
with various rotations having corn, cotton, 
peanut and soyabean, the monocropping of 
peanut w a s most effective. However, no 
single cropping system suppressed all the 
p'.ant parasitic nematodes. They suggested 
that if cotton or corn are to be gro\<.Ti. 
peanut and soyabean should be in rotation. 
Mukhopadhyay & Prasad (1968) found out 
that Tylenchorhynchus spp. was abundant 
in all the cropping s equences tested 
however, monoculture supported the 
nematode population more than the 
rotation. Moreover. the nematode 
population w a s higher in later s tages of 
plant growth. The population of 
Pratylenchus brachyurus w a s a f f e c t e d b y 
different cropping s e q u e n c e s (Egunjobi. 
1954). Ferris and Bernard (1971) found 
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that large number of Helicolylenchus 
pseudorobustus. Tylenchorhynchus martini. 
Xiphinema americanum a n d ParaLylenchus 
projectus were supported by all or most 
rotations involving corn, soyabean, oats , 
wheat and a legume grass forage mixture. 
T h e p o p u l a t i o n o f Meloidogyne. Prdlylen-
chus a n d HelicoLylenchus w a s r e d u c e d i n a 
rotation of tobacco, maize and ground nul 
(Norse. 1972). 
T h e p o p u l a t i o n o f Hoplolaimus indicus 
was reduced by growing gram, guava, 
tobacco, watermelon, sugar beet and 
rapeseed (Gupta and Atwal, 1971): 
Trichodonis chrisliei by okra (Good et ai. 
1973): Pratylenchus alleni by m a r i g o l d , 
castor.. bean and chrysanthemum 
(Hackney & Dickerson 1975), Xiphinema 
diversicaudatum by hop, spring barley, 
potato, sugar beet, cabbage, winter w h e a t 
and winter b e a n s (Cotton, 1977): b u t the 
population of X. diversicaudatum increased 
under strawberry and. to a lesser extent in 
rye grass (McNamara & Pitcher, 1977). 
Monoculture of some crops resulted in 
the build up of nematode populations, b u t 
proper crop rotation reduced the nematode 
population to safe level (Chawla & Prasad, 
1973; Khan et ai. 1973. Omiyi 1977 , 
Kinolch. 1983 and Kirkpatrick & Sasser , 
1984. Alam. 1990). 
Brodie & Murphy (1975) found that 
six-week fallow followed by a cover crop w a s 
a s effective in reducing the population of 
Pratylenchus brachyurus. Trichodorus 
Christie a n d Meloidogyne incognita a s a n i n e 
month fallow. 
Brodie et aL (1970a) studied that in a 6 
year sequence of cover crop the n e m a t o d e 
population varied with different cover 
crops. Marigold w a s found best to s u p p r e s s 
Belonolaimus longicaudatus, Pratylenchus 
brachyurus. Trichodorus christiei a n d 
Xiphinema americana. B r o d i e et ai. ( 1 9 7 0 b ) 
found that the population of Tylenchor-
hynchus claytont Trichodorus christiei. 
Pratylenchus brachyurus. Helicotylenchus 
dUiystera a n d Xiphinema americanum 
increased in newly clcared pine land. The 
population varied with various types of 
cropping sequences . But susceptible crops 
with cultivated crops apparently decreased 
the nematode population upto damaging 
levels. Brodie el ai. (1970c) noted thai the 
population of nematf>de varied w-nth 
different row crop scqucnces. n i c y 
suggested that corn and cotton should not 
follow each other in soi ls infested with 
Belonolaimus longicaudatus. 
S h a f s h a k e t a L . (1974. 1979) found tliat 
the populations of Tylenchorhynchus. 
Pratylenchus, Tylenchus. Heterodera a n d 
Aphelenchus were least in the wheat plots 
f o l l o w e d b y Trijolium alexandrinum 
Khan etai. (1975) pointed out that the 
population of Meloidogyne incognita 
increased extensively In the monoculture of 
tomato, eggplant, okra, chilli and spwnge 
gourd or in their combinations but 
decreased when these crops were grown 
following marigold or when the field w a s left 
f a l l o w . Tylenchorhynchus brassicae 
population w a s found to have increased 
following eggplant, tomato, okra, sp inach 
a n d eggplant while Longidorus brauic-
audatus a n d Pratylenchus cojfae w e r e n o t 
materially affected by any of the crop 
combinaUons tried. Khan et aL, (1987) 
investigated that wheat okra fallow okra 
w h e a t fallow onion rotation significantly 
d e c r e a s e d t h e Quinisulus curuus 
population; wheat-fallow maize chilli wheat 
fallow onion sequence reduced the 
Hoplolaimus seinhorsti p o p u l a t i o n . T h e 
p o p u l a t i o n o f Logicaudatus bravicaudatus 
decreased in both the sequences , while the 
p o p u l a t i o n o f Helicotylenchus indicus 
increased at the end of the cropping 
sequences . 
Castillo et aL (1978) pointed out that 
the cultivation of suscept ib le crops followed 
by 2 - 3 years of non susceptible crops w a s 
found to be more effective in reducing the 
p o p u l a t i o n o f Rotyienchulus renijormis a n d 
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Mcloidogyne sp. on rice based cropping. 
Mam et al.. (1977) reported that broad b e a n 
and Kochia in addtlion to marigold were 
very effective in suppress ing the populadon 
of most of the phytoparasltic nematodes . In 
various cropping sequences Tageles erecla 
a n d Zinnia elegans r c d u c e d t h e p o p u l a t i o n 
of all the plant parasitic nematodes (Alam 
c la l . . 1976. 1980. 1981. 1988 Alam H»00). 
Saxcna el al. (1977) observed thai the 
population densit ies of Tylenchorhiynchus 
brassicae was greater when cauliflower, 
cabbage and turnip were grown than in 
raddish, tomato and marigold. Populat ions 
were markedly reduced under fallow. In 
field and green house s tudies more t h a n 
75% nematode populations of Meloidogyne 
jauanica a n d M. incognita d i ed d u r i n g 1 t o 
2 month fallow and carrot yields in soil 
which had been fallow for 1, 5, 9 or 13 
weeks were 77, 35 . 31 and 46% respectively 
(Huang & Porto, 1988). 
Khan el al. (1984) noted that cropping 
sequences including mung. Sesbania , 
marigold wheat, barley or a fallow period 
considerably reduced the populat ions of 
Meloidogyne s p . . Rolylenchulus reniforrms 
a n d Tylenchorhynchus brassicae t o v e r y 
low levels. 
Alam et al. (1978. 1979) screened sbcty 
eight crop plants against seven Important 
spec ies of plant parasitic n e m a t o d e s 
(Tables 1. II). The information could very 
well help in selecting suitable crop for 
suppress ing prevailing n e m a t o d e 
population. 
2. DISADVANTAGES 
Crop rotation though very effective b u t 
h a s certain limitations : 
(1) The amount of damage inflicted, o n a 
crop depends on the level of res i s tance 
in the crops used in the rotation, a n d 
on the number of years of p lant ing 
these crops between susceptible crops . 
(2) The non host crop or resistant croj) 
inhibit significantly a specific nematode 
may help in the population build up for 
another species of plant parasitic 
nematode present in the same field. 
(3) Low commercial value of some non host 
or resistant crops. 
(4) Some farmers have limiicci land to 
rotate the crop. 
3. METHODOLOGY 
Management and optimi/^tion models 
can be combined in the short and long 
term. 
The short term method 
The returns for single growing s e a s o n s 
may be optimized by reduction ol the 
nematode population to a specific level, but 
the problem may exacerbated for 
subsequent crops (Duncan. 1983. Duncan 
& Ferris. 1983: Ferris. 1978). However, data 
generated for analytical models ol 
population increase during a single growin.u 
season o n a given host crop (Duncan. 1983. 
Duncan & Ferris. 1983) allow prediction 
from a preplant population estimate of the 
expected crop value (or crop loss) and the 
expected final nematode population 
Further, data on nematode over wintering 
surviving (Duncan. 1983, Goodell e( ai. 
1983; Vrain. 1983) allow prediction ol the 
expected nematode population dens i t ies at 
the start of the following cropping season. 
These relationship allow prediction of 
expected crop yield or value on a ser ies of 
possible subsequent crop. Calculations ol 
this type generate the possibility ol 
optimizing cropping sequences for 
nematode management over multiple years 
(Duncan & Ferris. 1983). Such approiichcs 
are particularly appropriate with plant 
parasitic nematodes, and perhaps with 
other soil borne pathogens, b e c a u s e ol 
relatively slow reproductive and dispersal 
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Table 1. Suitability of some cultivated p lants to phyto-nematodcs 
Latin names English/common names Host response to nematodes 
Rot Tyl Mel 
Abelmoschus esculenlus M o c n c h . Okra G G G 
Allium cepa L. Onion P M P 
A. sativum L. Garlic P G P 
Allhaea rosea Cav. Hollyhock P G P 
Antirrhinum majus I, Antirrhinum M G G 
Aucna saliva L. Oats P M P 
Benincasa hispida Cogn . While gourd/pelha M G M 
Beta vulgaris L. Table beel M M G 
Brassica campestris L. Mustard P M P 
B. rapa L. Turnip G G M 
B. oleracea botrytis L. Cauliflower P G P 
B. oleracea capitala L. Cabbage M G M 
B. oleracea caulocarpa Pasq. Knol khol M G P 
Cqjanus cajan Milsp. Pigeon pea/arhar P M P 
Calendula ojjicinalis L. Calendula M M M 
Capsicum annuum L. Chilli M G G 
Celosia crislata L. Cock's comb P P M 
Centaurea cyanus L. Com flower M M M 
C. moschata L. Sweel sultan P M P 
Cheiranthus cheiri L. Wall nower P G M 
Chrysanthemum crinatum L. Chiysanthemum P M P 
Cicer arietinum L. Bengal gram G G G 
Coreopsis tinctoria Nutt . Tickseed P P P 
Coriandrum sativum L. Coriander/dhania P P M 
Cosmos bipinnalus Cav. Cosmos P P P 
CrotalariaJuncea L. Sann hemp/phulsan P P P 
Cyamopsis tetragonoloba T a u b . Cluster bean/ guar P P G 
Dahlia pinnata Cav. Common or garden dahlia P M P 
Daucus carota L. Carrot G M G 
Dimorphotheca sinuata DC. Cape marigold/African dasy P P P 
Dolichos bijlorus Roxb. Horse gram/khurti P M M 
Eruca saliva Mill. Rocket salad/duan P P P 
Gossypium S p . L. Cotton G G G 
Hibiscus cannabinus L. Brown hemp/patsan .VI M G 
Hordeum vulgare L. Barley P G P 
Impatiens balsamina L. Balsam P P P 
Kochia scoparia S c h r a d . Kochia G G P 
Logenaria leucantha R u s b y . Bottle gourd/lauki M M G 
Lens culimaris Medic. Lentil/masoor G G P 
Linum usilaiissimum L. Linseed P M G 
Table I conld.. 
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Table 1 contd. . . 





luxlfa aculangula Roxb. Ridge gourd/torai M G G 
Lycopcrsicon (ycopersicum (L.) Karslen. Tomato G G G 
Nicotiana labacum L. Tobacco G M G 
Papaucr somniferum L. Poppy G M M 
Penniseium lyphoides Stapf. Pearl millel/bajra M G P 
Phaseolus aconilifolius Jacq. Kidney bean/moth M M l> 
P. aureus Roxb. Green gram/moong G G G 
P. mungo radiaCus L. Black gram/urad M M M 
Phlox dnmvnondii Hook. Phlox G G P 
Pisum sativum L. Pea M M G 
Portulaca oleracea L. Portulaca/kulfa P G G 
Raphanus saliuus L. Radish P G P 
Ricinus convnunis L. Castor G M M 
Sacchrum qfficianum L. Sugarcane M G P 
Sesamum indicwn L. Sesame/U1 P P P 
Sesbania aculeata (Willd.) Poir. Dhaincha P M P 
Solan urn melongena L. Eggplant G G G 
S. tuberosum L. Potato G M G 
Sorghum vulgare Pers. Sorghum/jowar M G P 
Spinacia oleracea L. Spinach G P G 
Tagetes erecta L. Marigold P P P 
Trigonella Joenum graecum L. Fenugreek/methi G G M 
Triticale Sp. Triticale M G P 
Triticum aesliuum L. Wheat M P P 
V i^gaa caljang Walp. Cowpea/lobia M M P 
Vicia faba L. Broad bean/bakla P M M 
Zea mays L. Com/maize P M P 
Zinnia eleqans Jacq. Zinnia P G P 
p. M. G = Poor, moderate good hosts 
Rot = Rotylenclius rentfbrmis Unford & Oleviera. Tyl = Tylenchorhynchus bmssicae Siddiqi. 
Mel = Meloidogyne incognita (Kofoid & Wite) Chitwood. 
rates and yie ld loss predictability from 
s imple analyt ical models . 
The se lec t ion of a cropping s e q u e n c e 
involves s o m e forecast ing of crop va lues 
over a series o f years and a n expectat ion 
that average weather c o n d i t i o n s will 
prevail. However, the c o m m e n c e m e n t of a 
particular cropping s e q u e n c e d o e s not lock 
the user into that programme should 
condit ion dra inage over the period for 
w h i c h the prediction w e r e made. T h e 
opt imal s o l u t i o n may involve reatssessment 
of the s y s t e m through biological or 
e c o n o m i c monitor ing a t t h e beg inning of 
e a c h growing s e a s o n a n d se lect ion of t h e 
m o s t profi table route from that f>oint 
forward. Linear programme technique are 
adaptab le to t h i s t echn ique . 
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Table 2. Suitability of sixty cultivated plants to phytonematodes 
Latin names EnRlish/common names Host response to nematodes 
Hop Hel Tyrl Tri 
Abelmoschus esculenlus Moench . Okra G M M M 
Allium cepa L. Onion P P G G 
A. satiuum L. Garlic P P P G 
AUIjaea rosea Cav. Hollyhock P M G P 
Antirrhinum mqjus L. Antirrhinum M P P .M 
Auena satiua L. Oats P P P M 
Benincasa hispida Cogn. While gourd/petha M M M P 
Beta vulgaris L. Table beet G G M M 
Brassica campestris L. IVIustard M P P P 
B. rapa L. Turnip P P M P 
B. oleracea botrytis L. Cauliflower M M G M 
B. oleracea capitata L. Cabbage P P G M 
B. oleracea caulocarpa Pasq. Knol khol P P M P 
Cajanus cajan Milsp. Pigeon pea/arhar G P P P 
Calendula officinalis L. Calendula M M P M 
Capsicum annuum L. Chilli M M M M 
Celosia cristata L. Cock s comb P P P P 
Cenlaurea cyanus L. Com (lower M M P P 
C. moschata L. Sweet sultan P P P P 
Cheiranthus cheiri L. Wall flower P P P P 
Chrysanthemum crinatum L. Chrysanthemum P G P P 
Cicer arietinum L. Bengal gram P P IVl P 
Coreopsis tinctoria Nut l . Tickseed P P P P 
Coriandrum satiuum L. Coriander/dhania G P M P 
Cosmos bipinnatus Cav. Cosmos G M P P 
CrotolariaJuncea L. Sann hemp/phulsan M P P M 
Cyamopsis tetragonoloba T a u b . Cluster bean/ guar G M P P 
Dahlia pinnata Cav. Common or garden dahlia P P P P 
Daucus carota L. Carrot M M M M 
Dimorphotheca sinuata DC. Cape marigold/African dasy P P P P 
Dolichos bijlorus Roxb. Horse gram/khurti P P M M 
Eruca satiua Mill. Rocket salad/duan P P P P 
Gossypium S p . L. Cotton G M G M 
Hibiscus cannabinus L. Brown hemp/patsan G M M M 
Hordeum uulgare L. Barley G M P M 
Impatiens balsamina L. Balsam P M P P 
Kochia scoparia Schrad . Kochia P P G P 
Logenaria leucantha Rusby . Bottle gourd/lauki P G M M 
Lens culinaris Medic. Lentil/masoor P P M P 
Linum usitalissimum L. Linseed P M M M 
Table 2 conlci. 
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Table 2 contd... 
Latin names Enfilish/common names Host response lo 
nemalcxles 
P. M. G = Poor , m o d e r a t e g o o d h o s t s 
Hop = Hoplolaiimis indicus. Hel = Helicolylenclxus indicus 
Tyl = Tx/lenchus fiiiformis. Tri = Trichodorus mirzat 
ljj.(fa aculangula Roxb. Ridge gourd/lorai P M C. M 
Lycopersicon lycopersicuni (L.) Karsten. Tomato G M M P 
Nicotiana tabacum L. Tobacco M G 1' M 
Papauer somniferum L. Poppy M P M P 
Pennisetum typhoides Stapf. Pearl millet/bajra M G M M 
Phaseolus acontifolius Jacq . Kidney bean/moth M G M P 
P. aureus Roxb. Green gram/moong M I' G P 
P. inungo radiatus L. Black gram/urad M M I' P 
Phlox drummondii Hook. Phlox P M r> P 
Pisiin^ satiuum L. Pea C G I' M 
Portulaca oleracea L. Portulaca/kulfa C M G M 
Raplianus satiuus L. Radish I' P G 
Ricinus communis L. Castor G M M M 
Sacclirum ojjicianum L. Sugarcane C G M G 
Sesamiun indicum L. Sesame/lil G P P P 
Sesbania aculeata (Willd.) Poir. Dhaincha G M M P 
Solaniun melongena L. Eggplant P P M P 
S. tuberosum L. Potato G M G M 
Sorghum uulgare Pers. Sorghum/jowar P P M P 
Spinacia oleracea L. Spinach P P G M 
Tagetes erecta L. Marigold P P P P 
Trigonella Joenum-graecum L. Fenugreek/methi M M G G 
Triticale S p . Triticale .M M M P 
Triticum aeslivum L. Wheat G M M M 
Vigna cayang Walp. Cowpea/Iobia M M M M 
Vicia faba L. Broad bean/bakla P P P M 
Zea mays L. Corn/maize M P P P 
Zinnia eleqans Jacq. Zinnia G M G G 
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STATUS OF R O O T - K N O T NEMATODES IN 
UTTAR PRADESH, INDIA 
A B R A R A H M A D K H A N AND M A N S O O R A . S I D D I Q U I 
U T T A R Pradesh is the most populous state in India. The Yamuna-Ganga plain is 
supposed to be one o f the most highly fertile areas. T h e land is built-up o f alluvial soil . It is 
traversed by a number o f rivers, which almost run parallel to each other. S ince the land is fertile 
and weather conditions are moderate, it is very suitable for agriculture, s ince the Aryan civil isation. 
The principal crops are wheat, rice, barley, maize, bajra, gram, pea, cotton, l inseed, groundnut, 
sugarcane, sesamum, rapeseed, mustard, tobacco and vegetables. These crops are attacked by a 
number o f pathogens. However, we are discussing here only the root-knot nematodes. Substantial 
work on various aspects o f root-knot nematodes has been done at Aligarh, Panmagar ( n o u In 
Uttaranchal), Allahabad, Jhansi, Faizabad, Kanpur and Lucknow centres o f Uttar Pradesh. 
SPECIES COMPOSITION 
A number o f systematic surveys were conducted in vegetable fields o f different districts of 
Uttar Pradesh to observe the pattern o f distribution and to identify the species and races o f root-
knot nematodes . So far, f ive species o f root-knot nematodes , Meloidogyne incognita, Meloido-gyne 
javanica, Meloidogy'ne arcnaria. Mcloidog}'ne lucknowica and Meloidogyne graminicola have 
been reported to exist in Ultar Pradesh (Khan, 1969; Singh, 1969; Sitaramaiah and Vishwakarma. 
1978; Khan, 1988; Mathur and Varaprasad. 1978; Siddiqui ci al. 1986; Khan and Khan, 1990a. 
1991a; Khan et al, 1984, 1993, 1994; Haider, 1989; Khan. 1997). O f (he spec ies recorded as 
occurring in the State, Meloidogyne incognita. Meloidogy ne ja\-anica and Meloidogyne arenaria 
are more c o m m o n than other species. Meloidogyne incognita and javanica have been reported on 
a large number o f host plants (Sitaramaiah and Vishwakarma, 1978; Mathur and Varaprasad. 
1978; Khan et al, 1984; Khan and Khan, 1985, 1990a; Haider and Khan, 1986; Prakash, 1983; 
Verma, 1987; Khan el al, 1987, 1993, 1994; Khan et al, 2 0 0 3 ) . Singh ( 1 9 6 9 ) described Meloidog^me 
lucknowica from Lucknow which was found infecting sponge-gourd, Luffa cylindrica, from the 
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area. Meloidogyne graminicola was found on Cyperus rotundus and Dactyloclcnum aegyptium in 
Harduaganj o f Aligarh district (Siddiqui et al, 1986) . Khan ( 1 9 9 0 ) identified the spec ies and 
races o f root-knot nematodes present in 21 districts o f western and central Uttar Pradesh. This 
work was sponsored by the ICAR, N e w Delhi, through a project entitled "Studies on root-knot 
nematodes o f vegetable crops in Uttar Pradesh" sanctioned to Prof M. Wajid Khan in 1985. The 
project report s h o w s that three spec ies , Meloidogyne incognila, Meloidogyne javanica and 
Meloidogyne arenaria were present on vegetables in the areas under consideration of the project. 
These species were consistently encountered in the area during the surveys. The spccics were 
found mostly in mixed populations. Meloidogyne incognita and Meloidogyne javanica were the 
most common species. In some districts Meloidogyne javanica dominated. A recent study conductcd 
in 11 districts o f Eastern Uttar Pradesh shows that Meloidogyne incognita and Meloidogyne 
javanica, fo l lowed by Meloidogyne arenaria are common in root-knot nematode populations o f 
the area (Khan, 1994; Khan et al, 2003) . The distribution of the species o f root-knot nematodes in 
the State is g iven in Table 1 and Figure I. 
The pattern o f distribution o f the root-knot nematodes in the State, based on the available 
information can be visualised. Meloidogyne incognita and Meloidogyne javanica are .widely 
distr ibuted in the State. In s o m e districts, Meloidogyne incognita is more prevalent than 
Meloidogyne javanica whi le in others Meloidogyne javanica dominates over Meloidogyne 
incognita. Meloidogyne arenaria is not so frequent but it is present in a number of the districts. 
The species o f root-knot nematodes present in the State, according to their relative occurrence, can 
be arranged in the fol lowing order: Meloidogyne incognita > Meloidogyne javanica > Meloidogyne 
arenaria > Meloidogyne graminicola > Meloidogyne lucknowica. The species were found either 
s ingly or in mixed populations. In s ingle populations, Meloidogyne incognita was most frequently 
encountered in all the districts. Mixed populations o f Meloidogyne incognita and Meloidogyne 
javanica were more common in the districts than other combinations. Meloidogyne incognita, 
Meloidogyne javanica and Meloidogyne arenaria in three-species mixed populations were also 
found in some districts. Frequency o f mixed populations o f Meloidogyne incognita + Meloidogyne 
javanica was highest (17 per cent) fo l lowed by Meloidogyne incognita + Meloidogyne arenaria 
( 1 0 per cent), Meloidogyne incognita + Meloidogyne javanica + Meloidogyne arenaria (6 per 
cent ) and Meloidogyne javanica + Meloidogyne arenaria (4 per cent). 
Frequency o f Meloidogyne incognita was greater than other species in all the districts 
except Agra, Bareilly, Bulandshahar, Etah, Budaun and Rampur where Meloidogyne javanica 
s h o w e d greater frequency than the other species. In Pratapgarh, only Meloidogyne incognita was 
present. Frequency o f Meloidogyne javanica w a s greater than Meloidogyne arenaria in all the 
distr icts where these two were present, except M u z a f f a m a g a r and Pilibhit. In Pilibhit and 
Muzaffamagar, frequency of Meloidogyne arenaria was 4 4 per cent and 38 per cent as compared 
to 2 5 . 2 per cent and 16.7 per cent o f Meloidogyne javanica. respectively. Per cent occurrence o f 
the species irrespective o f single and mixed populations were as fol lows: Meloidogyne incognita 
( 7 2 per cent), Meloidogyne javanica (45 per cent) and Meloidogyne arenaria (25 per cent). Per 
cent occurrence o f Meloidogyne graminicola and Meloidogyne lucknowica were negligible. 
Intensity o f the disease on the basis o f gall index (Gl) and egg mass index (EMI) (Taylor 
and Sasser, 1978) showed a wide range of variations between the localities of each district. The 
overall intensity o f the disease in the area was mild to severe and nil to severe, based on gall index 
and e g g mass index ranges, respectively. Among the vegetables, highest incidence o f the disease 
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Dis tr ibut ion of Spec ies of R o o t - K n o t N e m a t o d e s in O r d e r of O c c u r r e n c e in the Dif ferent 
Districts of U t t a r Pradesh 
Region District Spec ies R e f e r e n c e 
Western Aligarh MI > MJ > MA > MG 
Bijnor M 1 > M J 
Bulandshahr M l > MJ 
Ghaziabad MI > MJ > MA 
Mathura M 1 > M J 
Meerut MI > MJ > MA 
Moradabad M I > M J 
Muzaffamagar M I > M A > MJ 
Rampur MI > MJ > MA 
Saharanpur MI > MJ > MA 
Central Agra M J > M I Khan (1969 ) 
Bareiily MJ > MI > MA Singh (1969 ) 
Budaun M J > MI Mathur & Varaprasad ( 1 9 7 8 ) 
Etah M J > M I Prakash ( 1 9 8 3 ) 
Famikhabad MI > MJ > MA Siddiqui et a / ( 1 9 8 6 ) 
Hardoi MI > MJ > MA Khan ( 1 9 8 8 ) 
Luclcnow MI > MJ > M A > ML Haider ( 1 9 8 9 ) 
Pilibhit Ml > M A > MJ Khan (1990) 
Kheri MI > MJ > MA Khan & Khan ( 1 9 9 0 ) 
Shahjahanpur MI > MJ > MA Khan ei a / ( 1 9 8 7 , 1993, 1994) 
Sitapur MI > MJ > MA Khan (1997) 
Khan et al ( 2 0 0 3 ) 
Eastern Allahabad MI > MJ > MA Verma (1987) 
Bahraich M I > M J 
Barabanki M I > M J 
Basti M I > M J 
Deoria Ml > MJ 
Faizabad Ml > MJ > MA 
Gonda MI > MJ > MA 
Gorakhpur Ml > MJ > MA 
Pratapgarh Ml 
Rae Bareli MI > MJ > MA 
Sultanpur M I > M J 
MI - M. incognita, M 
ML = M lucknowica 
- M. graminicola. 
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UTTAR PRADESH DISTRICTS 
Western Region Central Region Eastern Region 
1. Saharanpur n. Agra 22. Bahraich 
2. Muzaffarnagar 12. Etah 23. Barabanki 
3. Bijnor 13. Budaun 24. Rae Bareilli 
4. Meerut 14. Bareilly 25. Allahabad 
5. Ghaziabad 15. Pilibhit 26. Pratapgarh 
6. Bulandshahr 16. Shahjahanpur 27. Sultanpur 
7. Moradabad 17. Farrukhabad 28. Faizabad 
8. Rampur 18. Hardoi 29. Conda 
9, Aligarh 19. Kheri 30. Basti 
10. Mathiira 20. Sitapur 31. Gorakhpur 
21. Lucknow 32. Deoria 
i = M. incognita 
\ = M. javanica 
a = M. arenaria 
I = M. luck now tea 
g = M. graminico/a loo 
Figure I. Distribution of Meloidogyne species in some districts of Uttar Pradesh. 
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was observed in eggplant fields followed by cucumber and okra. More than 60 per ccnt fields of 
these crops were infested with root-knot nematodes, in tomato and pepper fields, the incidence o f 
the disease was also above 45 per cent. The incidence of the disease in cauliflower and cabbagc 
fields was comparatively veiy low. It was 11 per cent and 12 percent, respectively. On root sample 
basis, highest frequency of the disease was observed on eggplant roots (83 per ccnt) fol lowed by 
cucumber (80 per cent). The frequency o f the disease on tomato, pepper and okra was 40, 30 and 45 
per c e n t , respect ive ly . On cabbage and caul i f lower , the frequency o f the d i s e a s e was 
very low. 
RACE COM POSITION 
Although differentiation o f races in the species o f root-knot nematodes was started very 
late in Uttar Pradesh, through the systematic surveys a large number of populations were collected 
at Aligarh centre and differential host tests^were applied to identify the races, in Meloidogyne 
incognita populations, all the four races (race 1, race 2, race 3, race 4) have been identified to be 
infesting vegetable fields in several districts o f the State (Khan, 1988; Haider, 1989; Khan et a/, 1988a, 
1993, 1994; Khan and Khan, 1991a; Khan, 1997) (Table 2). Race 1 is the most dominant followed by 
race 2. Race 3 and race 4 are also quite frequent. Races I and 2 are present in all the districts of the 
western, central and eastern regions taken into consideration except Basti where race 1 is absent and 
Basti and Barabanki where race 2 is absent. Race 3 is present in Agra, Aligarh, Bareilly, Bulandshahar, 
Farrukhabad, Hardoi, Ghaziabad, Rampur, Sitapur, Meerut, Muzaffamagar, Saharanpur. Pilibhit, 
Lucknow, Rae Bareili, Pratapgarh, Allahabad and Gonda. However, race 4 is common in several 
districts o f western, central and eastern regions like Agra, Aligarh, Bareilly, Bijnor, Ghaziabad, 
Moradabad, Rampur, Meerut, Muzaffamagar, Saharanpur, Pilibhit, Bahraich, Barabanki and Pratapgarh. 
Basti is the single district where only race 4 is present. The races of Meloidogyne incognita, in 
accordance to their relative frequency and dominance in the State, may be arranged in the following 
order : race 1 > race 2 > race 4 > race 3 and their percentages are 3 7 , 3 5 , 1 8 . 5 and 17.5, respectively. 
O f the two races known in Meloidogyne arenaria, only race 2 is present in the area under 
consideration in the State. Previously, no attempt was made to differentiate races in Meloidogyne 
arenaria populations in any State of India. For the first time in 1988, the occurrence of race 2 was 
recognised from this State as well as from the country (Khan, 1988; Khan and Khan, 1991a). This 
race is present in Aligarh, Bareilly, Ghaziabad, Rampur, Meerut, Muzaffamagar, Saharanpur, Kheri, 
Pilibhit, Farrukhabad, Hardoi, Shahjahanpur, Sitapur, Lucknow, Rae Bareili, Allahabad, Gonda, 
Gorakhpur and Faizabad (Table 2). It is likely that race 2 may be widely distributed, constituting the 
larger proportion in Meloidogyne arenaria populations in districts of the State. 
Recently, Khan (1997) and Khan et al (2003) recognised two races in Meloidogyne 
javanica. This species is generally regarded as non-pathogenic to pepper (Taylor and Seisser, 
1978). However, during surveys o f vegetable fields in three different regions of Uttar Pradesh, 
pepper fields were also found infected with Meloidogyne javanica. These Meloidogyne ja\-anica 
isolates were collected and inoculated on the pepper cultivars, California Wonder (Resistant) and 
Suryamukhi Green (Susceptible). Meloidogyne javanica populations that infected Suryamukhi 
Green but not California Wonder were designated as race 1 and the populations which infected 
both the cultivars were designated as race 2. After analysis, it was found that race I is more 
frequent than race 2 in Aligarh, Bulandshahar, Ghaziabad, Agra, Meerut, Basti, Deoria, Faizabad 
and Gorakhpur districts, whereas, race 2 is more frequent than race 1 in Farrukhabad, Hardoi and 
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TABLE 2 
Distribution of Races of M. incognita, M. arenaria and M.javanica in O r d e r of Occurrence 
in the Different Districts of Uttar Pradesh 
Races o f Meioidogyne Spec ies 
Region District M. incognita M. arenaria M. javanica Reference 
Western Aligarh 1>2>3>4 2 I>2 
Bijnor l>2>4 — — 
Bulandshahr I>2>3 — 1>2 
Ghaziabad l>2>3>4 2 1>2 
Mathura I>2 — 
Meerut l>2>3>4 2 1>2 
Moradabad 1>2>4 — Khan (1988,1994), 
Muzaffamagar l>2>3>4 2 I Khane/ o / ( 1988a. 
1993,1994), 
Rampur 1>2>3>4 2 - Haidar(I989), 
Khan (1990), 
Saharanpur l>2>3>4 2 - Khan & Khan (199 la). 
Central Agra 1>2>3>4 — • 1>2 Khan&Haidar (1991), 
Bareilly 1>2>3>4 2 Khan (1997), 
Budaun 1>2 — — Khan e / f l / (2003) . 
Etah 1>2 — — 
Farrukhabad I>2>3>4 2 1<2 
Hardoi 1>2>3 2 1<2 
Lucknow l>2>3 2 1 
Piiibhit 1>2>3>4 2 — 
Kheri 1>2 2 
Shahjahanpur I>2 2 — 
Sitapur 1>2>3 2 1<2 
Eastern Allahabad 1>2>3 2 — 
Bahraich I>2>4 — — 
Barabanki l>4 — — 
Basti 4 — l>2 
Deoria 1>2>4 1>2 
Faizabad l>2 2 1>2 
Gonda !>2>3 2 — 
Gorakhpur 1>2>4 2 1>2 
Pratapgarh 1>2>3>4 . — — 
Rae Bareilly 1>2>J 2 2 
Sultanpur l>2 — 
( — ) = R a c e no t detected in the d ist r ic t 
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Silapur districts. In Muzaffamagar and Lucknow, only race I is present while in Rae Barcili only race 
2 is present (Table 2). The overall frequencies were 70 percent and 30 per com for racc I and race 2, 
respectively. 
Races I and 2 of Meloidogyne incognita were recovered from all vegetables surveyed like 
eggplant {Solanum me/ongena L.), tomato (Lycopersicon esculenluni Mi l l . ) , pepper (Capsicum 
annuum L.). cabbage (Brassica oleracea var. capilala L.), cauliflower (Brassica oleracea var. halrxuis 
L.), okra [Abelmoschus esculenlus (L.) Moench.], bottle gourd [Lagenaria leucanlha{Duch.) Rusby], 
radish {Raphanus sativus L.), spinach (jSpinacia oleracea L.), cucumber (Cuci/mis salivi/s L . ) ;tnd 
sponge gourd (Luffa cyiindrica L.). Race 3 of Meloidogyne incognita was found on eggplant, 
tomato, okra, cucumber, pepper and rarely on cabbage, cauliflower and bottle gourd. Race 4 was 
found on all vegetables except cabbage. Meloidogyne arenaria race 2 was present on all the 
vegetables. Its frequency was 100 per cent on all the vegetables, because it was the only race 
detected in all the populations of this species. Both the races of Meloidog\'ne/avanica were found 
on all the vegetables, however their frequencies were varied, 
SIGNIFICANCEOFROOT-KNOT NEMATODES 
Vegetable crops like eggplant, tomato, cauliflower, cabbage, pepper, okra, broad bean ( ^ida 
faha L.), cucumber, musk melon {Cucumis melo L ) , watermelon [CHrullus luhaiiis (Thumb) Monsf], 
pumpkin {Cucurbila moschata, Duch.), squash (C. maxima), bitter gourd {Momordica charantia 
L.), sponge gourd, spinach, parwal {Trichosanthes dioica Roxb.), bean (Phaseolus vulgaris L.), 
kundru {Coccinia indica), soybean [Glycine max(L ) Merr.]. lettuce {Lacluca saliva L.), etc. suffer 
greatly due to root-knot disease in several districts o f Uttar Pradesh as in different parts o f the 
country. Besides vegetables, pulses, fruits, cereals, oilseeds, condiments, medicinal plants, ornamental 
plants and aromatic plants are attacked by root-knot nematodes in many districts o f the State. In 
addition to these, many non-crop hosts are attacked by root-knot nematodes (Table 3). Due to poor 
management practices, the vegetable fields in Uttar Pradesh have heavy weed infestations. These 
weed-hosts maintain populations o f root-knot nematodes in the absence of crop hosts. During 
surveys in vegetable fields, infected weeds were also collected and species of root-knot nematodes 
were identified. Meloidogyne incognita and Meloidogyne javanica were present on many weeds 
while Meloidogyne arenaria and Meloidogyne graminicola were present on a few weeds (Alam el 
al, 1973b, 1975a, 1981; Khan and Khan, 1985; Prakash, 1983; Haider and Khan, 1986; Khan e/a/ , 1987; 
Khan, 1988,1994; Siddiqui era/, 1986) (Table 3). 
The results o f the investigations at Aligarh centre showed that the incidence of root-knot 
disease in vegetable field plots in the study area was relatively high. Nearly 50 per cent of vegetable 
fields were infested. The disease incidence was also above 50 per cent in some districts. About 35 
per cent o f the root samples regardless of the vegetable crop or locality contained root-knot. Overall 
intensity o f the disease was high in the districts. A great degree of variation in ihe in(ensit\ of the 
disease on crops in each district or locality was, however, found. It ranged from very mild to very 
severe. The galls and egg masses indicated that vegetable crops in general are sulVering substantiail\ 
and the species or races of root-knot nematodes are reproducing cfTiciently and thriving well in the 
districts. In this regard, the non-crop hosts are also playing a significant role in increasing the 
population o f root-knot nematodes. 
CROP LOSS ESTIMATES 
Almost all cultivated plants o f economic importance are vulnerable to attack by one or 
the other species or races of root-knot nematodes in Uttar Pradesh. Vegetables are the most preferred 
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T A B L E 3 
Root-Knot Nematodes Infecting S o m e Non-Crop Hosts in Vegetable Fields 
of Uttar Pradesh 
Spcc ie s Non-Crop Hosts 
i f . incoi^niia Dadyloctcnum ac}^'plium Beau v. 
Crolon honplcincliunum Bail. 
Di^eru arvensix l~orsk., 
Echinochloa colonum L ink. 
Eclipta alha Hassk. 
Euphorbia darkeana Hook 
Justiciasimplex D.Don. 
Paspalum scrohiculatum L. 
Pseudosorghurrifasciculare A.Camus. 
Punica granatum L. 
Rosa indica L, 
Set aria glauca (L . ) Beau v. 
Sporobolus diander Beauv. 
Achyranthus aspera L. 
Abut Hon indicum Sweer. 
Calolropis heterophylla Wall. 
Gravia spinosa Moq. 
Solatium nigrum L. 
Veronica cineria (L . ) Less. 
Basella rubra L. 
Lathyrus saliva L. 
Amaranlhus viridis L. 
Impatiens balsamina L. 
Petunia alba Juss. 
Portulaca grandifolia Hook. 
Celosia grandifolia Moq. 
M. javanica Amaranthus gracilis Desf. 
Anagallis arvensis L. 
Achyranthes aspera L, 
A hut Hon indicum Sweer, 
Chenopodium ambrosioides L. 
Cucumis melo var. agrestis Naud. 
Croton bonplandianum Bai l l . 
Clitoria ternata L. 
Cyperus rolundus Benth 
Cvnodon dactvlon L. 
Reference 
Alam et a / (1973b) , 
Khan & Khan (I98.S), 
Haider & Khan (1986), 
Khan et t / / ( l 9 8 7 ) . 
Khan (1990), 
Khan (1988, 1994), 
Prakash (1983). / 
Alam et al. (1975a, 19811, 
Khan & Khan (1985), 
Haider & Khan (1986). 
Khan et al. (1987). 
Khan (1990), 
Khan (1988. 1994). 
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...Continued 
Species Non-Crop Hosts Reference 
M. arenaria 
M.graminicola 
Digera arvensis Forsk. 
Eclipta alba Hassk. 
Euphorbia thymifolia Forsk. 
Euphorbia clarkeana Hook. 
Mukia maderaspatana Roem. 
Rosa indica L. 
Selaria glauca L. Beauv. 
Calendula officinalis L. 
Celosia cristata L. 
Chenopodium murale L. 
Coleus blumbei Benth. 
Hibiscus rosa-sinensis L. 
Punica granatum L. 
Vernonia cinerea (L.) Less. 
Vinca rosea L. 
Euphorbia pulcherrima Willd. 
Solanum nigrum L. 
Medicago denticulata Willd. 
Calotropis heterophylla Wall. 
Gravia spinosa Moq. 
Portulaca quadrifida (L.) Mont. 
Porlulaca oleracea L. 
Solanum xanthocarpum Schard. 
Wilhania somnifera Dun. 
Impaiiens balsamina L. 
Petunia alba Juss. 
Porlulaca grandifolia Hook. 
Celosia grandifolia Moq. 
Eclipta alba Hassk. 
Solanum nigrum L. 
Amaranthus viridis L. 
Digera arvensis Forsk. 
Medicago denticulate Wiild. 
Portulaca quadrifida L. 
Impaiiens balsamina L. 
Cyprus rotundus Bcnth. 
Dacryloctenum aegyptium Beau\. 
Khan & Khan (1985), 
Haider «& Khan (1986), 
Khan (1990), 
Khan (1988, 1994). 
Siddiqui et a/ (1986). 
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group o f crops in all the districts o f the State. Nearly 50 per cent o f vegetable fields were found 
infested. The frequency of the disease was very high on eggplant (83 per cent) and cucumber (80 per 
cent). Intensity o f disease was also severe on many vegetables. Tomato, pepper, okra, spinach, 
cabbage, bottle gourd, sponge gourd, radish and caulif lower also greatly suffer in these districts due 
to root-knot disease (Haider, 1989; Khan, 1988; Khan and Khan, 1990a, 1991a; Khan ei al. 1987, 
1988a, 1993,1994). 
Despite severe damage caused by root-knot nematodes to a variety o f crops, there is no 
report on the extent o f yield losses in relation to monetary terms in Uttar Pradesh. However, there are 
a few fragmentary reports. Upadhyay and Dwivedi ( 1986 ) estimated the crop losses in pea and gram 
to Meloidogyne incognita in Mainpuri district o f Uttar Pradesh. The per cent yield loss was 28.1 -
42.8 and 38.7-46.8 in case o f pea and gram, respectively. In our sur\'eys, the extent of damage was 
found to be highest on eggplant closely followed by cucumber, okra, tomato, pepper, cauliflower and 
cabbage. The average crop loss on these vegetables has been estimated to be about 25 per cent 
(Khan, 1988; Haider, 1989; Khan, 1990; Khan, 1997). 
Concerning root-knot disease o f pulse crops in Uttar Pradesh, the root-knot nematodes 
have remained neglected and overlooked for several years but later these nematodes have been 
found to be potent parasites causing potential damage to pulses resulting in economic losses in 
yield. The crops are gram, lentil, pea, cowpea, pigeonpea, soybean, etc. (Khan and Khan, 1987; 
Salam and Khan, 1986; Upadhyay and Dwivedi, 1986). Although root-knot nematode is not very 
important on sugarcane in India, Meloidogyne javanica is found associated with this crop in some 
areas o f Uttar Pradesh, especially in Lucknow area, causing substantial yield loss to the crop. 
DISEASE COMPLEX 
Root-knot nematodes are known to interact with a number of soi l-bom fungi, bacteria, 
viruses, mycoplasma, insects and other nematodes. The most important complexes formed by the 
root-knot nematodes with plant pathogens have been reviewed by Khan (1984). Several fungi, 
Rhizoctonia, Sclerotium, Fusarium, Phomopsis, Macrophomina, Aspergillus, Corticium, Curvularia, 
Pylhium, Phytophthora, Verticillium. Collelotrichvm, etc. are known to be involved in disease 
complexes with root-knot nematodes in Uttar Pradesh (Khan, 1970, 1980; Ram Nath and Dwivedi, 
1981; Upadhyay and Dwivedi, 1981). Many studies have been made on pathogenic association of 
root-knot nematodes, Meloidogyne incognita and Meloidogyne javanica with the fungi, Fusarium, 
Pythium, Phomopsis, Sclerotium rolfsii and Rhizoctonia solani on tomato, eggplant, gram, pea, 
pigeonpea, black henbane, Hyoscyamus, soybean and cowpea in Uttar Pradesh. Maximum decrease 
in weight o f shoot and root of the plants in general was observed in the treatment of simultaneous 
inoculation of nematode with fungus. Root-knot development was aiso adversely affected (Khan, 
1970, 1980; Salam and Khan, 1986; Ram Nath and Dwivedi, 1981; Varshney et al, 1987; Mukhtar and 
Khan, 1989). 
Sitaramaiah and Sinha (1984) observed that the combined pathogenic effects o f bacterium, 
Pseudomonas solanacearum and Meloidogyne javanica on brinjal were greater than the independent 
effect o f either. Although species of Meloidogyne do not seem to alter the number of nodules, they 
do disrupt the vascular system, thereby, disturbing the nutrient exchange with the root system. 
However, Upadhyay and Singh (1983) observed the association of Meloidogyne javanica with 
Rhizohium sp. on cowpea and found the adverse ef fect on the number of nodules. A few viruses 
(bottle gourd, eggplant, pea, zinnia and launaea mosaic virus) have been found to interact with 
Meloidoi^^'ne sp. (Mahmood e! al. 1974; Husain et al, 1985; Jabri et al. 1985). 
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Root-knot nematode also interacts with other nematodes in mixed populations. Alam ci 
(il (1975b) reported that Meloidogyne incognita had an antagonistic effect on tht development of 
Tylenchurhynchus hrassicae but the presence o f Tylenchorhynchus hrossicac did not materially 
affect the root-knot development. Association o f lance nematode adversely affected the development 
of root-knot on brinjal followed by stunt and ring nematodes. Interaction among Meloidogyne 
incognita. Rotylenchulus reniformis and Tylenchorhynchus brassicae on tomato, eggplant and 
caulif lower have also been studied by Khan and Khan, 1986; Khan et al, 1986a, 1986b, 1987). 
Population build-up of Hoplolaimus indicus around tomato roots was inhibited by Meloidogyne 
incognita, perhaps due to competition between the two nematode species or possibly the physico-
chemical changes brought out by root knot infection (Hasan and Alam, 1975). Inter-specific 
interactions between Meloidogynejavanica and Meloidogyne incognita and inter-racial competition 
between different races o f Meloidogyne incognita and Meloidogyne javanica in a common 
pathosys tem have been studied in detail by Haider ( 1 9 8 9 ) , Khan and Haider ( 1 9 9 1 ) and 
Khan (1997) . 
MANAGEMENT STRATEGIES 
Several management measures for root-knot nematodes were evaluated at Lucknow, 
Kanpur, Jhansi, Pantnagar, Allahabad and especial ly at Aligarh in Uttar Pradesh. Chemical , 
cultural and organic amendments have been studied more extensively than physical, biological 
and use o f host resistance. In most parts o f the State, it is a practice to grow more than one crop 
within a year with too little time between two crops to al low significant decline in population in 
the intervening period. Even if a suitable host crop is not grown for some months, there are 
usually enough weeds to increase or maintain the population density o f root-knot nematodes at 
fairly high levels. Various cultural practices like crop rotation with non-hosts or poor hosts, 
change in planting dates o f crops, inter-culture weeding and fallowing have been examined and 
found effect ive in reducing the Meloidogyne populations to a considerable extent (Alam et al. 
1981; Khan 1969; Khan et al, 1976; Pasha et al, 1988; Ram Math et al, 1982; Sitaramaiah, 1987). 
A m o n g chemicals, halogenated hydrocarbons (DBCP, DD, EDB, MBr). organophosphaies 
(phorate , d i c h l o f e n t h i o n , e thoprop, t h i o n a z e n , parathion, ch lorophon ium, f e n a m i p h o s ) . 
dithiocarbamates (aldicarb, carbofuran, methomyl, metam-sodium), amino acids, antihelminth 
antibiotics, fungicides and several others have been tested for their eff icacy at different dosages 
and methods o f application on many crops in the State. Chemicals were used as seed treatment, 
soil treatments, bare root dips, and in the laboratory for hatching and mortality experiments (Alam 
et al, 1973a; Haq et al, 1984, 1987; Husain et al, 1984; Khan et al, 1985: Sitaramaiah and 
Vishwakarma, 1978; Upadhyay and Dwivedi , 1985). 
Studies conducted at Aligarh and Pantnagar demonstrated that root-knot can be successfully 
controlled by application of oil-cakes as organic amendment. Oil cake of neem, groundnut, mahua, 
niu.stard and castor were found to be effect ive . Other organic materials like saw dust, bone meal, 
green leaves, decaffeinated tea waste and water hyacinth and several others also successfully reduced 
the nematode population (Alam et al. 1977a, 1980; Khan el al, 1973, 1974; Siddiqui et al, 2 0 0 ! ) . 
Toxic principles have been detected in a large number of plants. Several indigenous 
plants, plant parts and by-products have been reported to have phyto-nematotoxic properties (Husain 
et al, 1984; Mahmood et al, 1979; Siddiqui and Alam, 1985; Siddiqui et al, 1987, 1997; Khan and 
Siddiqui, 2001) . Chopped parts o f such plants added to the soil have resulted in reduced intensity' 
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o f root-knot. N e e m {Melia azadirach). Zinnia, marigold and several other plants have been found 
effective (Alam et al, 1977b; Siddiqui and Saxena, 1987; Siddiqui ei ai, 1987; Tiyagi e/ al, 1988). 
Biological control o f root-knot nematode has not been attempted earlier in the State. 
However, f ew fungi (Fusarium, Paecilomyces, Curvuiaria, Verticillium), bacterium (Pseudomonas 
solanacearum), predator (Mononchus aquaticus) and others have been recorded as attacking root-
knot nematodes (Khan and Esfahani, 1990; Khan et al. 1988b). Since chemicals have been banned, 
biological control with mycorrhiza, Pasteuria penetrans and several fungi, are now in progress 
through a number o f projects at the Aligarh centre. 
In the State, only a few attempts have been made to screen the available germplasm to 
fipd sources o f resistance to species o f root-knot nematodes, and very little to races o f Meioidogyne 
incognita, Meioidogyne arenaria and Meioidogyne javanica. Varieties o f tomato, eggplant, 
cucumber, pepper, cauliflower, cabbage, okra, gram, maize, soybean, pea and lentil were screened 
against spec ies and races. Most o f the varieties were susceptible. A large number o f varieties 
show variable reactions. However, few varieties were resistant or immune to test pathogens (Khan, 
1994; Khan and Khan, 1987, 1989, 1990a, 1990b, 1991b, 1991c, 1991d, 1993; Khan et al, 2002; 
Khan and Khan, 1989, 1990; Khan et al, 1994; Salam and Khan, 1986). Very recently, fly-ash, a 
waste product o f thermal power plants, has been found very effective to control root-knot nematodes 
(Tarannum et al, 2000; Singh et al, 1994). 
C U R R E N T S T A T U S O F R E S E A R C H 
Since the establishment o f a pioneer and active centre o f research in plant nematology in 
1962 at the Aligarh Muslim University, Aligarh, substantial work has been done on various aspects 
o f root-knot nematode problems. A considerable amount o f work on these nematodes has also 
been done at Pantnagar (now in Uttaranchal), Allahabad, Lucknow, Jhansi, Faizabad and Kanpur. 
Research and teaching in the departments o f Botany and Zoology o f the Aligarh Muslim University 
have contributed to the overall growth o f the nematology programme. Recently, teaching and 
research have also been introduced in the newly b o m Institute o f Agriculture, A. M. U., Aligarh. 
A lot o f work has been done on identification, biology, pathogenicity, controls, taxonomy and 
disease complexes . At present, works on differentiation o f races; fi-equency o f occurrence; intensity; 
damage; screening; biological, organic amendment, and cultural controls; and effect o f air pollution 
on root-knot nematodes are in progress at the Aligarh centre. In 1999, a big project (Rs. 33 lakh) 
on biocontrol "Biopesticides for the Management o f Root-knot Nematodes in Vegetable Crops" 
sanctioned by the DST was successfully completed by Prof. M. S. Jairajpuri and Prof. M. Wajid 
Khan. Currently, several projects, especially on biological control o f root-knot nematodes, are 
running at the Aligarh centre. A project on "Management o f Root-knot Nematodes by Application 
of Fly-ash" is also in progress at this centre. 
However, the subject still needs more attention to develop measures using host resistant 
and biocontrol agents for effective management o f these nematodes. Extension nematology must 
take practical shape to disseminate the k n o w l e d g e about these nematodes acquired through 
researches over all these years. 
C O N C L U S I O N 
Although all the four major species o f Meioidogyne and all the four races o^ Meioidogyne 
incognita, two races (1, 2) in Meioidogyne javanica and one race in Meioidogyne arenaria (race 
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2) are known to exist in the State o f Uttar Pradesh, their identity and relative importance on 
various crops in the remaining districts needs to be thoroughly investigated and documented. 
Before the nematologist can assist in the breeding programme, the species o{ Meloidogyne need to 
be identified and their race determined. The prevalence and the distribution o f the various species 
and races needs to be known in a given area. An assessment o f their economic importance needs 
to be made. In this respect, microplots can be o f great utility. Microplots are a good compromise 
between a pot in the greenhouse and large plots in the field with their inherent uneven distribution 
o f nematodes. In microplots, the soil can be made typical for the target area, unwanted nematodes 
can be eradicated by using a nematicide, the desired nematode population can be introduced and 
increased to a high level on an efficient host plant and the costs would be less than for field plots. 
The proper field testing o f the improved crop cultivar would be further down the line in the 
breeding programme, and promis ing but unsuitable materials would be dropped from the 
breeding programme. 
One o f the major obstacles towards the effective management o f root-k^ot nematodes 
especially through cropping systems and host resistance is the existence of the physiological races 
o f these nematodes. Plants developed for resistance to one race, when planted in soil infested with 
another race o f the same species, may become heavily damaged. On the other hand, the degree of 
control through crop rotation is based on the level o f resistance o f the crops included and on the 
number o f years between susceptible.crops. Also, populations o f other species or races o f the same 
species may occur on different succeeding crops. Uttar Pradesh with its vast agricultural lands, 
ancient history of agriculture and cropping patterns, offers great possibility o f variations within 
F>opulations o f root-knot nematodes and existence o f races. However, work on the races has shown 
the presence o f all four races of Meloidogyne incognita, two races of Meloidogyne javanica and 
race 2 o f Meloidogyne arenaria from the State. It is necessary, therefore, to do more research to 
investigate the physiological and host variation in the economic species occurring in all the districts 
o f the State. 
FUTURE RESEARCH AREAS 
The fol lowing research areas should be considered: 
1. The presence and distribution o f spec ies and races o f root-knot nematodes must be 
determined by extensive survey work in the remaining districts of the State. 
2. Crop loss assessment trials must be conducted for species or races considered causing 
economic damage. 
3. Development o f screening programmes using standard methods for resistance to the 
species and races considered economical ly important. 
4. Establishment o f host range tests with populations o f species or races already known 
to exist within the region. 
5. Initiation o f research to deve lop cropping systems approaches to integrated control 
o f Meloidogyne populations. 
6. Study the importance o f disease complexes involving species or race v/ith soil borne 
pathogenic fungi, bacteria, viruses and other nematodes. 
7. Study the influence o f environmental factors and cultural practices on nematode 
population dynamics and pathogenicity. 
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8. Evaluate the e f f i cacy o f the b iocontrol products that st imulates the i n d i g e n o u s 
rhizosphere—inhabiting beneficial organisms which l ive on the surface o f the root 
as it grows through the soil and at the same time release natural substanccs that are 
efTective in killing, repelling or deterring the associated pathogenic nematodes . 
Wel l -des igned surveys, individual field a s says and experimental quantitative work in 
determining root-knot nematodc-host re lat ionships wi l l prov ide a wealth o f information for 
agricultural scientists and decision-makers. Large-scale surveys combined with damage funct ions 
and e c o n o m i c data give estimates of total monetary losses due to nematodes . This information can 
be used as a guide to allocation of limited resources in research and extension. 
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Potential Of Plant Latex As A Botanical 
Nematicide 
By MansoorA. Siddiqui and 
M. Mashkoor Alam 
((Recent research has shown the 
tremendous nematlcldal potential of 
latex bearing plants. Plant latex by 
Itself or as a water extract has been 
found highly deleterious to many 
plant parasitic nematodes. Such 
substances can also inhibit the 
hatching of nematode eggs. Soil 
amendments with chopped parts of 
latex bearing plants can bring a 
substantial reduction in the popula-
tion of plant parasitic nematodes 
and an Improvement in plant 
growth.)) 
The environmental and health 
hazards that can be associated with 
nematlcldal chemicals has stimu-
lated research into non-chemical 
control strategies of plant parasitic 
nematodes. Use of plant organic 
wastes has shown tremendous 
potential In this regard. Scientists 
have tested virtually every type of 
organic material available In bulk, 
and in some cases selectivity has 
been shown against specific nema-
todes. Latex producing plants are 
known to be important in many 
ways, however, their use against 
parasitic nematodes Is rather a 
recent development. The mini-
review below gathers some of the 
scattered information on this sub-
ject (see Table 1). 
Haseeb et al. (1978) used 
chopped leaves of India rubber tree. 
Ficus elastica. m u d a r . Calotropis 
procera, and OpunHa dillenii as soil 
amendment, and found good control 
of the lance nematode Hoplolaimus 
indicus, the stunt nemotode Ty-
lenchorhynchus brassicae a n d s o m e 
other tylenchlds Infesting eggplant. 
ExcepUng O. dlUenlL the treatments 
improved plant growth. Alam (1986) 
In a similar study used chopped 
shoot parts of C. procera for control-
ling the root-knot nematode 
Meloidogyne incognita a n d T. brassi-
cae on eggplant. Siddiqui et al. 
(1987) also reported good control of 
M. incognita and the reniform 
n e m a t o d e Rotylenchulus renifomus 
on tomato and eggplant, and T. 
brassicae on cabbage and cauli-
flower with chopped shoot parts of 
several latex bearing plants. The 
plants were Jackfrult, Artocarpus 
heterophyllus: p a p a y a , Carica 
papaya: c o m m o n flg. Ficus carica: 
In^an rubber tree, F. elastica: 
cluster flg. F. glomerata: morning 
glory, Ipomea Jistidosa: oleander, 
Nerium odonun: a n d r e d b a y . Taber-
naemontana coronaria. R e c e n t l y 
Maqbool et al. (1987) have also' 
found good control of M. incognita 
on tomato and eggplant by using 
pure latex of C. procera and Euphor-
bia caducifolia as soil treatment. 
These studies confirm the ne-
matlcldal nature of leaf extracts 
(Haseeb et al., 1982. 1984) and pure 
latexes (Siddiqui et al., 1984. Zur-
reen and Khan. 1984) found earlier. 
The plants were also found to be in-
hibitory to larval hatching of the 
root-knot nematode. Meloidogyne 
spp. 
Interesting results were reported 
by Siddiqui and Alam (1988a. b. c) 
In a series of papers regarding the 
systemic activity of plant latexes 
against two Important nematodes. 
M. incognita. R. reniformis o n to -
mato. eggplant and okra. as well as 
T. brassicae on cabbage and cauli-
flower. Plant latexes of Calotropis 
gigantea. C. procera. Euphorbia milii, 
E. neriifolia a n d E. tirucalU a s s e e d 
dressing treatment IrAlbited the 
development of the above nematodes 
and consequently Improved plant 
growth. 
Plant latex research strongly In-
dicates the presence of some factors 
which are highly active against 
nematodes even in small quantity. 
However, further InvestlgaQons are 
necessary to locate and Isolate these 
factors. Plant latexes are rich In 
many biologically acUve chemicals 
such as alkaloids, and characteriza-
tion studies may further develop-
ment of a new range of botanic^ ne-
maticldes. 
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Table 1 
List of latex bearing plants foun^ effective against plant-parasltic nematodes 
Latex be«r ln i oUnt •dccIm Nematode ExDcrimental condition PUnt ho i t Reference 
Artocoipus hcterophyUus Hop. Mel. Rot. Trh In vitro mortalltv - Haseebctal. 11984) 
A. hetervphxjUus Mel In vitro hatching Kasea> ct al. (19841 
A. hetemphytlus Mel. Rot 3oll amendment with 
choppcd ahoot parts 
eggplant, tomato Siddiquietal. (1967] 
A. fvtervpfujlhis Trh soil amendment with 
choppcd shoot parts 
cabbage, caulinowcr Slddiqui ct al. (1987] 
Calotropls 
gigantea 
Mel. Rot seed treatment e ^ l a n t . 
OK^. tomato 
Siddiqut and Alam (19SSa. b) 
C. gigantea Trti seed treatment cabbage. cauUllower Slddiqui and Alam (13S8c) 
C. procera Hcl. Hop. lyi In vitro mortality - Slddiqui ctal.(19S4) 
C. pnxem Mel in vitro hatchinc/ 
mortality 
— Zurrcen and Khan (1334) 
C. procera Mel soil amendment 
with pure latex 
eggplant, tomato Maqbool ct al. (19S71 
C . prxxeru Mel. Trh soil amendment with 
choppca shoot parts 
eggplant Alam (19661 
C. pnxera Aph. Hop. lyl . Trh soil amendment 
with choppcd leaves 
eggplant Haseeb ct al. (1978 
C. procera Mel. Rot seed treatment eggplant, okra. tomato SIddlquI and Alam (19S8a. b) 
C. pnxera Trh seed treatment cabbagc. cauliHowcr Slddiqui and Alam (ISSSc) 
CaraUnnui eduUs McI in vitro mortalltv - Zurrecn and Khan (1984) 
Carica papaya Hop. Mel. Rot. Trh In vitro mortality - Haseeb etal . (19841 
C. papaya Mel In vitro hatching - Haseeb ct al. (1984] 
C. papaya Mel. Rot •oil amcrxlmcnt with 
choppcd shoot parts 
eggplant, tomato Slddiqui ct al. (19871 
C. papaya Trh soil amendment with 
choppcd shoot parts 
cabbagc. cauliflower Slddiqui et a!. (1987! 
Euphorbia 
caduclfolla 
Mcl in vitro hatchlna/ 
mortality 




M-l soil amendment 
with pure latex 
eggplant, tomato Maqboolet a].(19e7) 
1 E. milii Mel. Rot seed treatment eggplant, okra. tomato Slddiqui and Alan (;9S8a. bi 
E. milU Trh seed treatment cabbage, caultflower Slddiqui and Alara (1988c) 
E. neriifoUa Hcl. Hop. •I>-l in vitro mortality - Slddiqui ctal. (1984) 
E. neriifolia Mel. Rot seed treatment eggplant, okra. tomato Slddiqui and Ala™ 11988a. bl 
E. neriifolia Trh seed treatment cabbagc. cauUflower Slddiqui and Mam (1988c| 
E. pulcherrima Mel in vitro mortalltv - Zurrcen and Khao (1984) 
E. ttrucalU Hel. Hop. ly l in vitro mortality - Slddiqui ct al. (19MJ 
E. ttrucalU Mcl. Rot seed treatment eggplant, okra. tomato Slddiqui and Alan (1988a. b) 
E. OruralU Trh seed treatment cabbagc. cauUnowcx Slddiqui and Alan (1988c) 
Ficus benghalensis Mel in vitro mortality - Zurrcen and Khantl9841 
F. carica Hop. Mel. Rot. Trh in vitro mortality - Hased)Cta l . ( l9Sq 
F. carica Mcl In vitro hatching — Haseeb e t iL (19S« 
F. carica Mcl. Rot soli amendment with 
choppcd shoot parts 
eggplant, tomato SIddlquI ct al. (1967) 
II'M Practllloncr. XJI(9) Scplcmbcr 1990 
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t-«tcx bc«rin{^ pUnt tpcciea Nematode PVix-rimental condltloa Plant ho«t Reference 
F. cartca Trh sotl amendment with * 
dioppcd shoot parts 
cabbage. cauUdowcr Slddlqu! et al. (1987) 
F. elastica Md In vttro mortalllty - ZuTTcen and Khan (1984) 
F. etasUca Md. Rot soil amendment with 
chopped shoot parts 
eggplant, tomato Slddlqul ctal. (19871 
F. elastica Trh soli amendment with 
chopped shoot parts 
cabbage. cauUflowrx Slddlqul ct el. (19871 
F. elastica Aph. Hop. l y i . Trh soil amendment 
with chopped leaves 
eggplant Haseeb ct al. (1978) 
F. ghmeruta Hop. Md. Rot. Trh In vitro mortality - Hasccb ct al. (1984) 
F. glomerata Md In vitro hitchlnfl - Haseeb et al. (1984) 
F. glcmeraXa Md. Rot soli amendment with 
choppcd shoot parts 
eggplant, tomato Slddlqul et al. (1987) 
F. glomerata Trh soli amendment with 
choppcd shoot parts 
cabbagc. cauUfiower Slddlqul ct al. (1987) 
F- religiasa Md In vitro mortality - Zurreen and Khan 
LJisCulasa RDPTrh In vitro mortality - Haseeb ctal. (1984) 
!. JistuLcxsa Md In vitro hatchlnxz - Haseeb et al. (1984) 
I.Jistulosa Md. Rot soli amendment with 
choppcd shoot parts 
eggplant, tomato Slddlqul etal. (1987) 
I.Jistulasa Trh soil amendment with 
choppcd shoot parts 
cabbagc. cauUnowcr Slddlqul ct al. (19871 
Nerium Indtcum Hd. Hop. TVl In vllro mortality - Slddlqul ctal. (19841 
N. tndicu/n 
ISyn. N. oi^andei) 
Md In vitro hatching/ 
mortalit>-
— Zurreen and Khan 
;i9S4! 
N. odorum Hop. Md. Rot. Trh In vitro mortality - Haseeb ct al. (1984) 
N. odorum Md In vitro hatching - Haseeb ct al. (19841 
N. odorum Md. Rot soli amendment with 
choppcd shoot parts 
eggplant, tomato Slddlqul et al. (1987) 
N. odorum Trh soli amctxlment with 
chopped shoot parts 
cabbagc. cauliflower Slddlqul ct al. (1987) 
Opuntta dlUenii Mcl. Rot In vitro mortality — Haseeb ct al. (1982) 
O. dillenH Aph. Hop. lyl. Irh soil amendment 
with choppcd leaves 
eggplant Haseeb ct al. (1978) 
Pediln/ithiis tuhyrrxiloides Hd. Hop. lyl in vitro mortality - Slddlqul etal. (1984) 
Plumeria acutifoUa Md in vitro mortality - Zurreen arvl Khan (19841 
P. oblong^oUa Md in vitro mortality - Zurreen and Khan (1984) 
Tabemaemontana 
corofiaiia 
Hop. Md. Rot. Trh In vitro mortality - Haseeb et al. (1984) 
T. coronaria Md In vitro hatching - Hasedj et al. (19841 
T. corxmaria Md. Rot soil amendment with 
chopped shoot parts 
eggplant, tomato Slddlqul et al. (1987) 
T. coroaoj^ Trh soil amendment with 
chopped shoot parts 
cabbagc. 
caulillowcr 
Slddlqul et aJ. (1987) 
Theuetia peruviana Hd. Hop. Trh In vitro mortality - Slddlqul et al. (1984) 
T. pemuiana 
(Syn.T. r^eriifoltai 
Md In vitro mortality — Zurreen and Khan (1984) 
Aph - Aphi^lenchoides ahsari, Hcl = HeUcotylenchus ijxdicus. Hop = HophLaimus indicus, Mcl - Meloidogyne incognlta/M Jauanica. 
Rol = Rocylmchulus rvnlformLs. tyl = TylenqKus Jili/omits. Trh = TVknchorhynchus brassicae. 
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CHAPTER - 1 0 
MANAGEMENT OF PLANT PARASITIC NEMATODES WITH 
LATEX BEARING PLANTS 
Mansoor A. Siddiqui and M. Mashkoor Alam 
INTRODUCTION 
Latex is a milky fluid, often watery or 
brownish presen t in p lants of s o m e families 
of ang iosperms . It is sin e m u l s i o n with 
watery b a s e where various s u b s t a n c e like 
proteins, g u m s , resins, a lkalo ids are 
s u s p e n d e d . Dumb-bel l s h a p e d starch 
grains are frequently noticed in the latex. It 
is helpful to p lant s in heal ing of w o u n d s . 
This milky fluid is very valuable a s the chief 
source of rubber. The majority of plants 
y ie lds rubber be long to the families 
Moraccae, Euphorbiaceae and 
Apocynaceae . 
Tlie lat ic i ferous cel ls or v e s s e l s may 
conta in s o m e fluids which are repulsive to 
taste or are po i sonous . The alkaloids 
present in the latex s o m e t i m e s have a 
d is turbing effect o n the nervous s y s t e m of 
animals . 
Earlier s t u d i e s indicate that the latex 
bearing p l a n t s w h e n u s e d a s organic soil 
a m e n d m e n t s have found to be nematode 
s u p p r e s s a n t s (Alam. 1986; Siddiqui el aL. 
1992). It was later claimed that this effect 
w a s d u e to toxic nature of the alkaloids 
(Siddique el aL. 1987. Siddiqui & Alam, 
1990). The aim of tJie present write up is to 
gatl ier hitherto scattered information. 
1. Artocarpus heterophyllus Lam. 
Syn. A. iiUcgra frhumb.) Merril. .A. 
integrifolia Linn, f 
Family : Moraccae 
C o m m o n n a m e s : English Jack tree. 
Sanskr i t & Telugu - Panasa, Hindi - Kathal. 
Bengal i - Kanthal. Marathi - Phanas . Tamil-
Pilapalam, Kannada- Halasu. Malayalam-
Chakka . 
B o t a n y / U s e s : The s t em is straight, 
cylindrical and covered with rough iTark 
w h i c h exudes milkj' latex. Fruits and s e e d s 
arc used as vegetable. Bark is used for 
tanning . Timber is used for high c l a s s 
furniture, musical ins truments , tovs. etc. 
-611_ 
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Neraat ic idal va lue Tlie latex conta ins 
high c lass nematicidal properties. It w a s 
found highly delclrrious in killing the 
nematodes , viz. (lie root-knot nematode, 
Meloidogyne incognita (Kofoid & White) 
Chitwood. the rcniform nematode, 
Rolylenchulus rcniformis Linford & Oliveira, 
the stunt ncinat(Kic. Tylenchorynchus 
brass icaeSiddlqui and tlic lance nematode, 
Hopolaimus indicus Slier. The latex a l so 
significantly inhibited the larval hatching of 
Meloidogyne incognita (Hasecb etal. 1984). 
The soil amendment with chopped shoot 
parts of A. heterophyllus a l so gave good 
control of M. incognita and R rcniformis o n 
tomato (Lycopersicon csculenlum Mill.) a n d 
eggplant [Solanum melongena L.) and T. 
brassicae on cabbagc [Brassica oleracea 
capitata L.) and raulidower {Brassica 
oleracea botrytis L.) (Siddiqui et oL, 1987). 
2 . Calotropis gigantea [Linn.] R.Br. ex Ait. 
Family : Asclepiadaccae 
C o m m o n n a m e s : English n a m e -
Madar. Sanskrit-Arka. Mandara, Hindi Ak. 
Arbic- Ashur. Persian Khark. Bengall-
Akanda. Marathi-Rui. Gujaratl Akado, 
Telugu-Ji l ledu. Kannada-Akragida, 
Malayalam-Erikku. Sind- Bljalosha. 
B o t a n y / U s e s : Tlie latex i s present in 
all parts of the plant. The latex is u s e d in 
indigenous medicinc in combinat ion wi th 
Euphorbia neriiJoUa a s a s trong purgative. 
The stem. root, bark and leaves are a l so 
u s e d in medicine. 
N e m a U c i d a l v a l u e : Seed dress ing with 
the latex of Ckilotropis gigantea s ignif icantly 
inhibited the root knot development c a u s e d 
by M. incognita and populat ion of R 
renijormis a n d T. brassicae on tomato, 
eggplant, okra [Alx'lmoschus esculentus 
Moench.). cabbagc and cauliflower a n d 
resulted in over all improvement of plant 
growth (Siddiqui & Alam. 1988a. b. c). 
3 . Calotropis procera (Ait). R.Br. 
Syn. Asclepias procera Willd. 
Family : Aslcepiadaceae 
C o m m o n N a m e s : English Akund. 
Swallow wark. Sanskrit - Alarka. Hindi -
Safed Ak. Madar. Akada. MaratJii -
Mandara. Tamil-VeUeruykku. 
B o t a n y / U s e s The plant is an 
evergreen shrub. S tem fibre is made into 
cordage a n d floss from seeds is sued as 
stuff ing material. Stem and leaves are used 
a s green manure. Root bark is used in 
dysentary. diaphoretic, expectorant and 
emetic. Powdered flowers are u s e d in cold, 
cough a n d asthma. 
N e m a t i c i d a l v a l u e : The latex of C. 
procera w a s found toxic to the nematodes , 
viz. Meloidogyne incognita. HeUcotylenchus 
itvdicus. Siddiqui Hoplolaunus indicus sher 
and Tylenchus filijbrmis Butschl i . The 
toxicity of the latex increased with an 
increase in the concentration and exposure 
period. TTie larval hatching w a s also 
s ignif icantly arrested by the latex (Siddiqui 
el aL. 1984 , Zurreen & Khan, 1984). Soil 
a m e n d m e n t s with pure latex and chopped 
shoot parts of C. procera s ignificantly 
reduced the root knot development caused 
by M. incognita and the poluUon of Hop. 
indicus. T. brassicae. T. filiformis improv^ 
the plant growth of tomato and eggplant 
(Alam, 1986 . Maqbool et aL. 1987). Seed 
dress ing v/ith the latex of C. procera 
signif icantly inhibited the root knot 
deve lopment caused by M. incognita and 
the populat ion of R. reniformls and T. 
brassicae and resulted in overall 
improvement of plant growth of tomato, 
eggplant, okra. cabbage and caulif lower 
(Siddiqui. & Alam. 1988a . b. c). 
4 . Caralluma edulis Benth. 
Family : Asclepiadaccae 
C o m m o n N a m e s ; English - Caral luma. 
Hindi - Pimpa. Rajasthan- Pimpa. 
_612-
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B o t a n y / U s e s : A perennial s h r u b . It is 
used a s vegetable. Plant i s used in cooling, 
alternative and anthelmintic in leprosy and 
the d i s e a s e s of blood. 
N e m a t i c i d a l va lue : The latex was 
found toxic to the root knot, nematode . M. 
incognita (Zurreen & Khan, 1984). 
5 . Carica papapya Linn. 
Family : Caricaceac 
C o m m o n n a m e s : English- Papaya, 
Papaw tree. Hindi Papaya, Papeeta, 
Bengali- Papaya. Papaya. Marathi- Papaya, 
Gujaratl - Papayi, Tamil - Pappali, Pappayi, 
Telugu - Boppayi. Kannada - Parangimara. 
B o t a n y / U s e s : Rapidly growing small 
tree. Ripe fruits are e a t e n as desert . Milky 
latex c o n t a i n s a proteolytic enzyme i.e. 
Papain, w h i c h is extensively u s e d in meat 
industry a s tenderizer. Papain is a l s o used 
in digestive medicine. 
N e m a t i c i d a l v a l u e : The latex of C. 
procera w a s found toxic to M. incognita^ FL 
reniformis. Hop. indicus and T. brassicae 
(Haseeb. et oL. 1984). T h e soil a m e n d m e n t 
with c h o p p e d shoot parts of C. procera 
signif icantly inhibited the root knot 
deve lopment caused b y M. incognita and 
the populat ion of R reniformis. T. brassicae 
and Hop. indicus cind resulted in overall 
improvement of plant growth of tomato, 
eggplant, okra, cabbage and cauli f lower 
(Siddiqui, e t al.. 1987). 
6. Ehiphorbia caducifolia 
Family : Euphortiaceae 
N e m a t i c i d a l v a l u e : The latex was 
found toxic to M. incognita (Zurreen & 
Khan. 1984). 
7 . Euphorbiax milii ch . Des MouUns 
Syn. E. splendens Boj ex Hook. 
E. bojeri Hook 
Common names 
Crown of Thorns 
English n a m e : 
Family : Euphorbiaceae 
B o t a n y / U s e s : The plant Is propagated 
by cutt ings from y o u n g growth and it 
thrives bes t in a mixture of brick rubbish , 
leaf mould and charcocil In exposed 
condit ions . Latex i s milky. The plant is 
grown as an ornamental or rockeries in 
gardens and in hedges . 
N e m a t i c i d a l v a l u e : Seed dress ing with 
the latex of £. milii s ignif icantly inhibited 
the root knot development c a u s e d by M. 
incognita and the populat ion of R. 
reniformis and T. brassicae a n d resulted in 
overall improvement of plant growth of 
tomato, eggplant, okra cabbage and 
caulif lower (Siddiqui & Alam. 1 9 8 8 a, b, c). 
8 . Ehiphorbia neriifolia Linn. 
Family : Euphorbiaceae 
C o n u n o n n a m e s : Sanskr i t n a m e -
S n u h i . Hindi - Patton kl s end , S e h u n d . 
thohar Bengali- Mansarij. h i ladona. 
Mairathi - Neyadunga. Mingut, Gujaratl -
Thor tusula. Telugu - Aklye m u d u . Tamil 
Ilai Kalll Kannada - Y a l e k ^ i , Malayalam -
llakalli. Punjabi - Gangichu. A s s a m - Hiju. 
B o t a n y / u s e s : A smal l c l imbing, sp iny 
shrub . The latex i s milky a n d u s e d a s 
r u b e r f a c i e n t purgative and expectorant . 
N e m a t i c i d a l v a l u e : The latex w a s 
found highly toxic to the n e m a t o d e s viz. 
Hop. indicus. Hel. indicus a n d T. Jiliformis 
(Siddiqui et oL. 1984). The treatment with 
t h e latex s ignif icantly inhibited the root 
k n o t development c a u s e d by M. incognita 
a n d reduced the populat ion of R. reniformis 
and T. brassicae and resul ted in h e 
Improvement of tomato, eggplant , okra. 
cabbage a n d cauli f lower (Siddiqui & Alam. 
1 9 8 8 a.b.c). 
9 . Euphorbia pulcherrima Wllld. ex Wotz 
S>'n. Poinsettia pulcherrima (Willd. ex Klotz. 
R. Grali 
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Family : Buphorbiaceae 
C o m m o n n a m e s : English - Polnsett ia 
B o t a n y / U s e s : Latex is p o i s n o u s to 
l ivestock, it c o n t a i n s water a n d water 
s o l u b e s 7 8 . 6 - 8 4 . 8 % and c a o u t c h o u c 
4 .9-6 .9%. 
N e m a t l c i d a l v a l u e : The latex of E. 
pulchenrima w a s found toxic to M. incognila 
{Zurreen & Khan. 1984). 
10. Euphorbia tirucalli Linn. 
Family : Euphorbiaceae 
C o m m o n n a m e s : English - Milk b u s h , 
Indian tree spurge , Sanskri t - Trikantaka, 
Vajradruma. Hindi - Konpal. s e h u n d , 
Bengali - Lankasy. latadona, Marathi -
Shera. Vajradulu. Gujarati - T h o r dandalio , 
Telugu - C h e m u d u . Kada - J e m u d u . Tamil 
- Tirukalli . Kalli. Kannada - Bonta kalli. 
B o t a n y / U s e s : Milky latex i s ves i cant 
and rubefacient. Wood is white , c lo se 
grained and fairly hard. It gives a charcoal 
su i table for u s e in g u n powder. T h e latex is 
brittle lus trous res in and u s e d for 
rheumat i sm, neuralgia , toothache, c o u g h 
and as thma. The resin may find u s e in 
l inoleum; oil sk in cuid leather cloth 
industr ies . Roots a i c used for po i son ing 
fish a n d birds. 
N e m a t l c i d a l v a l u e : The latex of E. 
(imcalli was found highly de le ter ious in 
killing the n e m a t o d e s viz. Hop. indicus, T. 
brassicae and T. fdiformis (Siddiqui e£ ai. 
1984). Seed treatment %v1th the latex 
s ignif icantly inhibited the root knot 
deve lopment c a u s e d by Af. incognita and 
s u p p r e s s e d the populat ion of R. reniformis 
a n d T. brassicae a n d resulted in the overall 
improvement of plant growth of tomato, 
eggplant , okra, cabbage and caul i f lower 
(Siddiqui & Alam. 1 9 8 8 a. b, c). 
11 . Ficus benghalensis Linn. 
Family : Moraceae 
C o m m o n n a m e s : English Tl-.e 
banayan tree, Sanskrit - Bahupada. Vata. 
Hindi - Bar. Bargad. Bor. Bengali - Bar, Bot. 
Gujarati - Vad. Vadlo. Vor. Marathi - Vada. 
Wad. War, Telugu - Marri, Peddamarri, Vati. 
Tamil - Al. Alam. Kannada - Ala, Alada. 
Mara. Vata. Malayalam - Ala. Vatam. 
B o t a n y / U s e s : A large, spreading, 
evergreen tree extending laterally by 
send ing down aerial roots from branches . 
The milky latex is externally applied for 
pa ines a n d bruises and a s an anodyne in 
r h e u m a t i s m and lumbago. It is a l so used 
a s remedy for toothache. The bark is 
astr ingent and is u s e d in dysentary. The 
y o u n g t ips of hanging roots are given for 
obst inate vomiting. 
N e m a t i c i d a l v a l u e : The latex w a s toxic 
to the root-knot nematode. M. incognita 
(Zurreen a n d Khan, 1984). 
1 2 . Fictts carrica Linn 
Family : Moraceae 
C o m m o n n a m e s : English -Common 
fig., Hindi. Bengali. Gujarati and Marathi -
Anjir, Telugu - Anjuru. Manjimedi. 
S imayatt i , Tamil - Simaiyatti. Tenatti. 
Kannada - Anjura. Malayalam - Simayatti . 
B o t a n y / U s e s : A small tree or bush . 
The l eaves are u s e d a s fodder. T h e latex 
c o n t a i n s caoutchouc (2.4%). resin, 
a lbumin , cerin. s u g a r and malic acid. Fig 
latex i s used a s anthelmintic . The 
anteh lmint ic action h a s been traced to 
ficin. The fincin i s effective against 
He lminths . 
N e m a t l c i d a l v a l u e : The latex was 
highly deleterious in killing he n e m a t o d e s 
viz.. M. incognita. R. reniformis. Hop. indiciis 
and T. brassicae. T h e latex also inhibited 
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the larval h a t c h i n g of M. incognita (Haseeb 
et ai. 1984) . T h e soil a m e n d m e n t w i t h 
c h o p p e d s h o o t parts s igni f icant ly reduced 
the p o p u l a t i o n of M. incognita a n d R 
reniformis o n tomato , eggplant a n d T. 
brassicae o n c a b b a g e and cauUnower 
(Siddiqui el at. 1987). 
13 . Ficus elastica Roxb. 
Family : Moraceae 
C o m m o n n a m e s : Eng l i sh - A s s a m 
rubber tree. India rubber tree, Bengal a n d 
A s s a m - Bor, Attah. Bor. 
B o t a n y / U s e s . A smal l or m e d i u m s ized 
evergreen tree. The fresh latex h a s a faint 
ethereal , o d o u r a n d is cha lky wh i t e in 
co lour t u r n i n g pink o n e x p o s u r e . 
Coagula t ion t a k e s p lace w h e n the latex i s 
e x p o s e d to sun l igh t . T h e tree is c o n s i d e r e d 
to be a good s o u r c e of fodder in Benga l . It 
is a c o m m e r c i a l s o u r c e of natural rubber. 
But t h e tree i s va lued m o s t l y for s h a d e a n d 
o r n a m e n t . T h e w o o d i s wh i t e or light b r o w n 
in co lour a n d in u s e d a s fuel. 
N e m a t i c i d a l v a l u e : T h e latex w a s tox ic 
to M. incognita (Zurreen a n d Khan, 1984) . 
Soil a m e n d m e n t with c h o p p e d s h o o t p a r t s 
of F. elastica s ign i f i cant ly s u p p r e s s e d t h e 
popula t ion of M. incognita a n d R. reniformis 
on tomato , eggp lant a n d T. brassicae o n 
c a b b a g e a n d caul i f lower (Siddiqui et aL. 
1987). 
14 . Ficus glomerata Roxb. 
Syn . F. gooleraeea Roxb. , Couelliaglomerata 
Miq., F. r a c e m o s a Linn. 
Family : Moraceae 
C o m m o n n a m e s : Eng l i sh - C lus ter fig. 
Hindi - Gular, Umar. Bengal i - D u m u r , 
J a g y a d u m b a r , Marathi - Umbar. Gujarat i -
Umar, Gular. T e l u g u - Ati. U d u m b a r a m u . 
Tamil . K a n n a d a a n d Malayalam - Athi. 
Oriya- Dimiri. 
B o t a n y / U s e s : A d e c i d u o u s tree; l eaves 
a r e frequently u s e d a s fodder a n d fruKs arc 
edible . Bark Is u s e d a s tan. Tl ie latex 
c o n t a i n , 4 . 0 - 7 . 4 % c a o u t c h o u c . Hie 
c o a g u l u m of latex i s u s e d in m a n u f a c t u r e 
of ground s h e e t s water proof b o n d e d paper. 
T h e fruits arc as tr ingent , s t o m a c h i c a n d 
carminat ive . The latex is given In pi les a n d 
diarrlKH-a. 
N c m a t i c i d a l v a l u e : T h e late.x w a s 
f o u n d loxic to M. incognita. R. reniformis. T. 
brassicae and Hop. indicus. It a l s o inhibi ted 
t h e larval ha tch ing of M. incognita (I la.sceb 
el ai. 1984). Soil a m e n d e m e n t wi th 
c h o p p e d shoot parts s igni f icant ly reduced 
the p{)i)ulation of M. incognita and R. 
renifonnis on tomato , eggplant and T 
brassicae on c a b b a g e a n d (Siddiqui et al. 
1987) . 
1 5 . F^cus religiosa Linn. 
S y n . Urosiigma religiosum G a s p . 
Family : Moraceae 
C o m m o n n a m e s : Engl ish - T h e Feepal 
tree, Hindi - Pipal, S a n s k r i t - A s h w a t h a h a . 
Bengal i - A s h w a t h a , Gujarati - J a n . Pipro. 
Pipul . Marathi - A s h w a t h a . P impala . 
T e l u g u - A s h v a t h a m u , Bodhi . Tamil -
A r a s u . A s h w a t t h a m , K a n n a d a - Arali. 
A s h w a t i h a , Malaya lam - Arachu , Arayal. 
A s h w a t t h a m . 
B o t a n y / U s e s : A large or m e d i u m s ized 
tree grown a s a n a v e n u e tree. A s a c r e d tree 
of H i n d u s a n d B u d d h i s t s . Latex c o n t a i n 0 . 7 
- 5 . 1 % c a o u t c h o u c . An in fus ion of it is u s e d 
for u lcers and s k i n d i s e a s e s . Leaves a n d 
t e n d e r s h o o t s are u s e d a s purgat ive and in 
s k i n d i s e a s e s . Tlie fruit is laxat ive a n d t h e 
s e e d s are c o n s i d e r e d to b e cool ing, 
a l t ernat ive and laxat ive . 
N e m a t i c i d a l v a l u e : T h e latex w a s 
f o u n d highly toxic to M. incognita (Zurreen 
a n d Khan. 1984). 
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1 6 . Ipomoeajistulosa Mart. exch . 
Syn . I. crassicaulis (Benth.) B.L. Robinson. 
I.. Cornea auct (non Jacq.) . B a t a t a s 
crass i cau l i s Benth. ) . 
Fami ly : C o n v o l v n l a c e a e 
C o m m o n n a m e s Hindi - Sada 
S u h a g a n . B e s h a r m , Rajasthani - Nagarpan 
B o t a n y / U s e s ; A s tout straggl ing 
shrub, native to S. America, and is grown 
in gardens for d e n s e a n d foliage flowers. It 
is u s e d a s a g r e e n m a n u r e crop in Madras. 
The plant is toxic to live s tock. Leaves 
conta in a polysacchar ide , ipomase , a n 
an thracene g lucos ide . a g u m . ja lapin a n d 
sapon ins . 
N e m a t i c i d a l v a l u e : T h e latex w a s 
found highly de le ter ious in kill ing the 
n e m a t o d e s viz. . M. incognita, R. reniformis, 
T. brassicae a n d Hop. indicus. It a l so 
inhibited the larval ha tch ing of M. incognita 
(Haseeb. etal, 1984). Soil a m e n d m e n t wi th 
chopped s h o o t parts s ignif icant ly 
s u p p r e s s e d t h e populat ion of M. incognita 
a n d R. reniformis on tomato, eggpleuit, a n d 
T. brassicae o n cabbage a n d caul i f lower 
(Siddiqui et aL, 1987). 
17 . Nerium indicum Mill. 
Syn. N. odorum Soland, N. Oleander Blanco. 
Fami ly : A p o c y n a c e a e 
C o m m o n n a m e s : Engl i sh- Indiain 
oleander. S w e e t Scented olecinder, Hindi -
Kaner, Karber, Kuruvira, Bengal i - Karabi, 
Marathi - Kanher, Kaneri, Gujzirati-Kagaer. 
Telgu G a n n e r u , Kastoori, Pathelu , Tamil 
-Arali, K a n n a d a Kangalu, Oriya - Kanero, 
Korobiro, Mundar i Kanailiba, Scintal -
Rajbaka. 
B o t a n y / U s e s : A shrub . All par t s are 
po i sonous . Roots , bark amd s e e d s c o n t a i n 
cardio-active g lycos ides i.e. o lenadrin . The 
bark conta in scopo le t in a n d scopol in . Root 
i s external ly appl ied a s a paste aga ins t ring 
w o r m . Dried leaves are an effective cardiac 
s t i m u l a n t . 
N e m a t i c i d a l v a l u e : The lat ices of N. 
indicum a n d N. odorum were found highly 
toxic to M. incognita. R. reniformis. T. 
brassicac. I lop. indicus. HeL indicus and T. 
fdiformis (Hasccb et aL. 1984, Siddiqui c( 
aL. 1984). It a l so significantly inhibited (lie 
larval ha tch ing of M. incognita {Haseeb el 
aL. 1984: Zurreen a n d Khan. 1984). Soil 
a m e n d m e n t with chopjxid shoot parts of N. 
odorum s ignif icantly suppres sed the 
popu la t ion of M. incognita and R. reniformis 
o n tomato , eggplant and T. brassicae on 
b a b b a g e a n d caul i f lower (Siddiqui et aL. 
1987) . 
1 8 . Pedilanthus tithymaloides Poit. 
F a m i l y : Euphorbiaceae 
C o n m i o n n a m e s : English n a m e -
S l ipper plant, Bengali - Belatisii . 
M a h a r a s h t r a - Vilaytisher, M.P. - Nagphani , 
N a g d a m a n , Mundari - Airi. 
B o t a n y / U s e s : An ornamental laticif-
e r o u s s h r u b grown in hedges . T h e root is 
powerfu l emet ic . T h e latex is emctic . 
irri tant a n d caus t i c . T h e latex Is sa id to be 
u s e d in venereal d i s e a s e s . It is a l so applied 
to w a r t s and l e u c o d e r m a patches . 
N e m a t i c i d a l v a l u e : The latex w a s 
f o u n d toxic to Hop. indicus HeL indicus and 
T.fiUformis (Siddiqui et aL. 1984). 
1 9 . P l u m e r i a acutifolia Poir 
S y n . P. acuminata Ait. P. rubra Linn. var. 
acutifolia Bailey. 
F a m i l y : A p o c y n a c e a e 
C o m m o n n a m e s English n a m e -
T e m p l e or Pagoda tree. Sanskri t - Kshira 
Champa. Hindi - Golainchi . Bengali -
S o n c h a m p a , Gujarati - Rhadachampo . 
T e l u g u - Nuru varahaa lu . Vaada gcinneru. 
T a m i l - Arall, Kal imandharai . Kannada -
Devaganig i le , Kadu s a m p a g e . Malayalam -
- 6 1 9 -
5 7 9 
Management of Plant Parasilic Neirxatodes wiUi Latex Bearing Plants 179 
Ezha - c h a m p a k a m . Arall. Oriya 
k a tc hampa . Golochl . Toralo. santal 
C h a m p a Pungar. Golanj baha . A s s a m -
Golanchi , G u n a c h . 
B o t a n y / U s e s : An evergreen or partly 
dec iduous : tree Bark is s t imulant . Its 
decoct ion is u s e d a s a purgative, febrifuge, 
and e m m e n a g o g u e . Latex rubefacient and 
purgative, e n t e r s into appl icat ions for itrh. 
r h e u m a t i s m a n d g u m troubles. The root is 
catliartic. Tl ie w o o d is for making d r u m s 
and other m u s i c a l ins truments . 
N e m a t i c i d a l v a l u e : The latex w a s 
found toxic to M. incognita (Zurreen & 
Khan. 1984). 
2 0 . Plumeria oblongifolia 
F a m i l y : A p o c y n a c e a e 
N e m a t i c i d a l v a l u e : The latex w a s 
found toxic to M. incognita (Zurreen & 
Khan. 1984). 
2 1 . Tabernaemontana coronaria R.Br. 
Syn. Ervatamia divaricata (Linn. (Alston. 
Ervatamia coronaria Stapf. 
F a m i l y : A p o c y n a c e a e 
C o m m o n n a m e s : Engl ish n a m e - East 
Indian Rosebay . S a n s k r i t - Nandivriksha, 
tagara. Hindi - C h a n d n i . Tagara. Bengali -
Tagar. Gujarat iSagar. Tagar. Marathi -
Ananta. Gondetagara . Sagar. Tagar. Telugu 
G a n d h i t a g a r a p u . Nandivardhanamu, 
Tamil - Adukkunandiyavat ta i . Kurudup-
palai. Nandiyavat ta . Kannada - Kottuhale. 
Nandibat lu . 
B o t a n y / U s e s A small evergreen 
shrub, the root is acrid and bitter. It is 
employed a s a local a n d o d y n e a n d chewed 
for the relief of too tache . It is vermicide. The 
milky j u i c e of l e a v e s is used in opthalmia . 
J u i c e of f lowers is employed for relieving the 
b u r n i n g sensat ion in sore eyes. It is also 
appl ied in sk in d i seases . 
N e m a t i c i d a l v a l u e : The la tex w a s 
found highly deleter ious in Killing M. 
incognita. R. renijormis, T. brassicae and 
Hop. indicns. It a lso inhibited tl ie larval 
ha tch ing ol M. uxcognita (Haseeb, ei ai. 
I9K4). Soil a m e n d m e n t with c h o p p e d shoot 
parts significantly s u p p r e s s e d the 
populat ion of M. incognita and R. renijormis 
on tomato, eggplant and T. b r a s s i c a e on 
c a b b a g e and cauliflower (Siddiqui et ai. 
1987). 
2 2 . Thevetia peruviana (Pers.) Merrill 
Syn . T. neriifolia J u s s . ex Steud. 
F a m i l y : A p o c y n a c e a e 
C o m m o n n a m e s : English n a m e s -
Luck nut tree, yellow oleander, Sanskr i t -
A s h v a g h n a Divyapushapa. Haripriya. 
Hindi - Rli Kaner. Zard Kaner, Kulkephul . 
Bengal i - Koklaphul, Haldi Korubi, China 
Karab. Marathi - Pilvalakanhera, Gujarat! 
Kanera, Telugu - Pachaganneru, Kannada 
- Kadukasi . Kanogalu. Malayalam - Maya 
areli, Pachcha arcli, Orissa - Konyar phul. 
B o t a n y / U s c s : All parts of t h e plant 
produce latex which is highly p o i s o n o u s . 
Flower is yellow in colour. Latex is 
s o m e t i m e s applied to sores and cotton 
s o a k e d in the juice is u s e d for the relief of 
toothache . Tlic plant a lso yie lds a dark 
g u m . S e e d s are u s e d a s an abortifacient 
a n d a s a purgative in r e h e u m a t i s m and 
dropsy . They are a l so u s e d as a n alexiteric 
Kernels are verv bitter. Thev are u s e d lor 
insect ic idal purposes . 
N e m a t i c i d a l v a l u e : The latex vi.as 
f o u n d toxic to M. incognita. T. brassicae 
Hop. indicus and Hel. indiciis (Siddiqui ci 
al... 1984: Zurreen & Klian. 1984). 
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Appendix 1. Components of latex and its coagulum 
I'lanls Coagulum Original latex 
Caoutchouc 
conc. % 




Ariocurpus helerophyllus 6,0-10.0 82.6-86.4 3.9-8.1 65.9-76.0 2.3-2.9 
Coh(riff>is gigatlWa 5.1-18.6 73.6-87.8 4.5-13.8 86.0-93.0 0.6-1.9 
C prix-i-m - 52.8-85.0 11.4-22.9 88.4-93.0 0.8-2.5 
Euiifvxhia ixei AfcAta - - _ 69.4-93.3 0.2-2.G 
K. pulchfTrima - - _ 78.6-84.8 4.9-6.9 
E lirucalli - 0.9 - 53.8-79.9 2.8-3.8 
Ficus tx'iighalensis 2.7-15.9 77.3-94.9 0.7-20.0 46.0-90.6 0.3-7.7 
F. canca 7.2 55.4 37.4 66.1 2.4 
F elasitca 92.2 7.1 0.7 56.7 39.9 
F. ghiufrata lG.3-25.7 72.3 - 77.6 0.8-8.3 70.2-76.4 4.0-7.4 
F. religiosa 5.2-7.1 74.9. 77.6 4.8-18.0 23.5-86.4 0.7-51 
Plunwrui acuLifolia I9.I. 16.1 62".7. 75.6 18.2-8.5 - -
Theveli/j peruviana 13.3-9.7 69.7. 67.4 17.0-22.9 - -
Appendix 2. Analysis of latex and other products occurring in different plants 







Latex Crystalline steroketonc. artostenone. CaoHsnO. m.p. 109. 
Fruit Moisture 77.2. protein 1.9. fat O.l. carlxjhydrates 18.9. fibre 1.1. 
mineral matter 0.8. Ca. 0.02 P 0.03%. Fe 0.5 mg: vitamin A. 540 I.U.. 
vitamin C. 10 mg/lOOg 
Sttxls Starch moisture 51.6. protein. 6.6. fat. 0.4 carbohydrates. 38.4. fibre 
1.5. mineral matter. 1.5. Ca 0.05. P. 0.13%. Fe. 1.2 mg/100 g 
Lntcx Isomeric resinol (C.kiHsoO. a-Calotropeol Im.p. 204 -5') P-calotropeol 
(m.p. 216'-I7T 
Sr«-<ls Moisture 7.4. protein 27. ether extract. 32.4. ash. 6.55% 
Oil rxtrRct Palmitic 15. oleic 52. linole. 32 and linolcnic acid. 0.9% 
Ironi seeds 
Flowers Esters of u & P-calotropeols. P-amyrin 
Bark u & P-calotropeols. p-amyrin. giganteol 
Root bark p-amyrin. 2-isomeric crystalline alcohols, giganteol. m.p. 223 -24". 
isogiganteol. m.p. 117 -78' 
A-sh (12.7%) Potash (K2 O. 20.8%). 
Latex Trypsin, a-lactuceiyl isovalerate (m.p. 181) a- lactuceryl acetate, m.p. 
252'. a-lactuceryl. C30H50O. m.p. 224.50. calotoxin. C29H40O10- m.p. 
224" (decomp.) Calotropagenin. C23H32O6. m.p. 240" 
Leaf & stalk Calou-opin. C29H40OIO m.p. 221' (decomp.) 
Fruit Moisture 89.6. proteins. 0.5. carbohydrate. 9.5. ether extract 0 1. 
mineral matter. 0.4 calcium, 0.01. phosphorus. 0.01%. iron. 0 -4 
mg/lOOg 
Seed Protein 24.3. carbohydrate. 15.5: fatty oil 25.3. crude fibre 17.0: ash 
8.8: volaUlc oil. 0.09% a glucosidc i.e. caricin 
U-al Vitamin C. 286 mg per 100 g. Vitamin E. 36 mg/per 100 g. 
Root A singirin-like glycoside 
J^l<-x Tarpenic alcohol 
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Appendix 2 contd.. . 
Plant Plant parts Chemical/Chemical constitution 
E. iicrriifolift Latex 
E [iidclterria Latex 
E. tmicalU Latex 
/••>< lis Ix'iighalensis Latex 





















Tarpenic alcohol, isoeuphorol CsfjHsoO; m.p. 117-18' 
Ficosterol. C20H50: ni.p. 135 iojD. + 63.59 in chloroform, 
glutathione (34 mg/iooii) 
Caoutchouc 77.5 resin 19.3. protein 1.5% insoluble iiialtcr. i.TM, 
and Ash. 0.5% 
Caoutchouc 0.3. sugar. 1.1. tannins 1. and Ash 0.27% 
Caoutchouc 4.0-7.4% 
13.6. albuminoids. 7.4 fat. 5.6. carbohydrates. 49.0 colouriiip 
matter. 8.5 fibre. 17.9 ash. 6.5. 
Siliqua (Si02) 0.25 phosphorous (PjOs) 0.91% 
Moisture 9.9% albuminoids. 7.9. fatty matter 5.3 carbohydrates 
34.9. coloring.matter 7.5. ash 8.3 silica. 1.85 phosphorous (P2OS) 
0.69% 
Crude protein 12.99 ether extract. 2.71. crude fibre. 22.36 total ash 
15.06 lime (CaOl. 4.64 phosphorous (P-iOsl 0.52'+!, 
Polysaccharide ipomose. anthracene, glycoside, gum. saponin 
Neriodorin (C22H32O7. m.p. p. 86-87'). Neriodorein (Cz3H340n ni.p 
106-7'). Karabin (C21H49OC) 
Oleandrin (C32H48O9. m.p. 250' decomp.). Neriodin (m.p. 238-39 ). 
Nerium D (m.p. 235-38']. Nerium E (16-deacetylanhydro- oleandrin. 
C 3 0 H 4 4 O 7 m.p. 22-24T 
Odoroside A (C30H46O7 m.p. 183 /198'). Digitoxienin (5-D diginoside 
Odoroside B (C30H46O7 m.p. 150 /200'). uzarigenin p-D diginoside 
Odoroside D (C30HSO12 m.p. 219 /254'). Digitoxigenin P • D 
glucoside P-D-diginoside 
Odoroside F(C:t6Hs«Oi3 m.p. 298 ). Digitoxigenin p - D - glucoside 
P-D-diginoside 
Odoroside O (C44H680ih m.p. 282). Digitoxigenin P- D-glucoside P-
D-diginoside-monoacctyl P-D-Digitatoside 
Odoroside H (C30H46O8. m.p. 236'i. Digitoxienin P-D-diginoside 
P-D - Digitatoside 
Odoroside K (C42H66O17. m.p. 196 /246-65 ). uzarigenin - p - D 
Digitatoside. Glucosido p-D-Digitatoside. Glucosido-p O-Digitato-
side-glucosido - P-D-diginoxido 
Odorobioside K (C36H56O12. m.p. 1 78'/222-55 ). uzarigenin - p • D-
glucosido - P-D-glucosido P-D-diginosido (monoacetale; 
C34H4eOio m.p. 178') Decomposes to D - digitalose and a derivati'.-e 
of I6-anhydrodigitoxigenin 
Odoroside M (Monoacetate : C^uHjtiOio m.p. 219 /230') Anisoiner 
of L. 
Phenolic compound (m.p. 140-141 ) essential oil 
(d^" 4<).0. 8666 nD. 1.40315; |ul-408). resinous mailer 7.5% 
Alcohol isolated from resinous matter (CioHjoO m.p. 184-85 1 
Total solids 0.4%. euphorbin. cerin. myricine. resin, tally oil 
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Appendix 2 contd... 








Bark & stem 
Tl^eueiia pervuuiana Different parts 
EssenUal oil (0.04-0.07) d28o^0.9® ®s. n ^ o . 1.4"" s. acid val. 
20.2 sap. val. 123 
PecUn 5.6% 
Glucosidc plumieridc (Ci2H2gOi2. m.p. 224-25". yield 4%), 
Fulvoplutnlerin (5" - carbomethoxy-3'. 4"-1.2-cumalino-w- proijenyl 
fulvene. C14H12O4 m.p. 151-52' rdecomp.) u-aniyrin acetate 
Moisture. 84.27. total solids. 15.73. alcohol extract. G.94. 
chlorofrorm extract. 2.54 and residue 5.75% 
Tabernaenwntanlne (C2oH2fi03N2: m.p. 208-10"). Coronarine 
(CU4H56O6N4 2.5 H2O m.p. 196-98"). A crystalline resin alcohol Im p. 
180-81") 
Caotchouc. resins, sugars and fatty matter yielding on 
saponification, palmitic acid, ceratic and oleic acids. 
Glycoside aglycone sugar (s) mol. formula m.p. 
Cerberoside Digitoxigenin L-thevetose + C42Hfir,OiK 196 
ItheveUn B) D - glucose (2 mols.) 
2 -O-Acetyl Digitoxigenin L-thevetose+ Ci4H(iHOi9 162-85 
derberoside D-glucose 
(2 mols.) 
Neriifolin Digitoxigenin L-tbevetose C3oH4fiO« 175/230". 239 
2 -O-NcriifoIin digitoxigenin L-thevetosc C32H48O9 148/230 212" 
Cerberin 
Thevetin A 




(19-Oxonerjifolin) Cannogenin L-thevetose C.^H^jOh 164/216 
Theveneriin Cannogenol L - thevetose C3oH4<iOH 234" 
(ruvoside) 
(19-0.xyner1ifolin) 
Peruvosidic acid Cannogenic L-thevetose C:MIH440IO 226" 
(perusitini acid 
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ANTAGONISTIC PLANTS 
M.MASHKOOR ALAM, MANSOOR A. SIDDIQUI & ANJUM AHMAD 
Oapartment of Bouny, 
AUgiih Muslim Univtnily, Alig»ih-2020a2, Indi». 
Among natural enemies of plant parasitic nematodes, antagonistic plants serve as 
useful tool for biological control. Many of these plantS: which are now considered to 
have good nematode control potential, were already being grown in ancient days, though 
for other purposes. For example, marigold was grown by Indian fanners as well as the 
common man since time immemorial for its ornamental value and for religious 
ceremonies. Similarly, there is an age old practice in India of interplanting mustard and 
other firasi/caspp. in between the rows of wheat and barley. Likewise in Southern Persia, 
neem trees are planted on the periphery of cotton fields. The scientific explanation for 
all these practices, however, became known only at later stages and in some cases only 
recently. Now a large number of plants are known to have nematode suppressant 
properues (Suatmadji, 1969; Sayre, 1971; Gommers, 1973; Siddiqui, 1986) and are 
considered promising agents of biological control. These are briefly discussed 
hereunder. 
Compositae 
Tagetes is one such antagonistic crop on which much work has been carried out Tyler 
(1938) and Steiner (1941) were the earliest in recording resistance of Tagetes spp. to 
Meloidogyne. Bcrg-Smit (1953) a Duich narcissus grower, successfully used Tagetes spp. 
NEMATODE BIO-CONTROL: ASPECTS & PROSPECTS (Eds.—M.S-Jiirijpuri, MAI. AUm & L 
Ahmad). CBS Publisher & Dist.buton, Delhi. India. 1990. 
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as prcccding crop to narcissus for reducing root rot causcd by Pralylcnchuspenetrans. 
So cffcclivc was T. erecia thai in ihc following narcissus crop the yield of bulbs was 
doubled (Slooiwcg, 1956). The improvement apparently resulted because the root 
diffusatcs appeared to be, in some way, inimical to Ihc lesion nematode. Oosienbrink et 
al. (1957) showed that by growing Tagetes, populations oi Praiylenchus sp. could be 
reduced by 90%. Sixteen varieties of T.paiula and T. erecia were found to be effective, 
but a growing period of 3 to 4 months was nccessary. They concluded that this effect on 
nematode populations was not because of eventual decay of marigold plants in soil, but 
due lo the nemalicidal action of root diffusaies. Later, Mcijineke &. Oosienbrink 
(1958) showed that populations of Paratylenchus, Tylenchorhynchus and Rotylenchus 
could also be reduced considerably by this treatment. By growing T. patula yields 
increased by as much as 40% in several crops and a reduction in the population o f f 
penetrans, P. crenatus and Tylenchorhynchus dubius also occurred (Oostcnbrink, 1960). 
Hackney & Dickerson (1975) noted that populations oi Meloidogyne incognita 
were significantly lower in marigold fields as compared to that from tomato. However, 
when marigold and tomato were grown together then reduction in population was not 
significant Though contrary results are also available in the literature (Alam eial., 1977a; 
Siddiqui & Alam, 1987a, b, 1988a). Omidvar (1962) found that by growing Tagetes for 4 
months in soil infested with Globodera sp. there was only slight reduction in nematode 
population. He was of the opinion that since this reduction was negligible the nematicidal 
action of the crop was poor and hence it was not worthy of being considered as a useful 
control measure. However, on the other hand, several studies have confirmed the 
usefulness of marigold as suppressant when used as a crop preceding several susceptible 
crops or when included in cropping sequences (Alam etal., 1976a, 1977b. 1980,1981). 
In a pathogenicity test 7". erecM showed poor reaction (Reproduction factor < 1.00) 
to M. incognita, Rotylenchulus reniformis, Tylenchorhynchus brassicae, Hoplolaimus 
indicus, Helicotylenchus indicus, Tylenchus filiformis a n d Trichodorus mirzai ( A l a m e! 
al., 1978, 1979). Population dynamics of T. brassicae on T. erecta cv. Cracker Jack was 
studied by Saxena et al. (1977). In a field study the reproduction factor of T. bmssicac 
at the initial inoculum levels of 60, 80 ,100 ,120 and 200 per 200 g soil were found to be 
0.9,1.0,0.6,0.3 and 0.2 respectively. 
The antagonistic action of the marigold is due to their root exudates which kill 
nematodes (Alam et al., 1975; Siddiqui & Alam. 1987a, b, 1988a). However, Hesling et 
al. (1961) and Omidvar (1961) claim that root diffusatcs neither stimulate nor inhibit 
hatching of potato cyst nematode. 
Marigold roots contain considerably high concentration of •<-terihienyl (2,2'-5-2''-
tcrthienyl) together with biogenetically related 5-(3-bulen-l-yny0-2.2'-bithienyl that 
exhibit high nematicidal activity against several plant parasitic nematodes (Zechmeister 
& Sease, 1947). A number of synthetically prepared thiophenic compounds have also 
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shown in vitro ncmaticidal activity (Handcic , 1971). However, ncmaticidal activity of 
these compounds was found low or it was absent when mixed in the soil (Handele, 1971; 
Daulion & Curtis (1973). 
Though there are conflicting reports about the capacity of marigolds to suppress 
populations of noxious nematodes but it seems that it does have ncmaticidal properties. 
The differences in results of various experiments may be due to variations in the marigold 
species, cultivars and the climatic conditions. 
Cruciferas 
Morgan (1925) and Triffiu (1929, 1930) found inhibiting effect of Sinapsis alba on the 
larval emergence of Globodera rostochiensis. White mustard {Brassica hirta), black 
nnustard {Brassica nigra) and crcss (Lepidium sativum) showed the same effect (Ellenby, 
1945). This effect is considered to be due to the presence of isothicyanates in root 
diffusates of these plants (Triffitt, 1929, 1930; Ellenby, 1945). Alam etal. (1976b) used 
mustard {Brassica campestris) and rocket-salad {Eruca saliva) as mixcrops with wheat 
and barley and noticed marked reduction in population build-up of plant parasitic 
nen\aiodcs, but yields remained unaffected. This was auributed to the sharing of soil 
nutrients by the two crops growing simulaneously in the same field. In the absence of 
increase in the yield of wheat and barley, the yield of mustard and rocket-salad from the 
same field was considered as additional benefit as both are economically important oil 
crops. The authors have claimed that inhibition of nematode population was due to 
nemaiotoxic nature of root exudates. Mustard has also proved beneficial in nematode 
control when included in various cropping sequences (Khan etal., 1976; Alamefa/.,1980, 
1981). Mustard {Brassica campestris) was found to be a moderate host (Reproduction 
factor 1.00 to 1.49) of T. brassicae and Hop. indicus and a poor host (R factor < 1.00) 
of M.incognita, R. reniformis, Hel. indicus, T.fdtformisandT.mirzai ( A l a m e r a / . , 1978, 
1979). 
Liliaceae 
Asparagus {Asparagus officinalis) root d i f f u s a t e s reduced the act iv i t ies of 
Parairichodorus minor. An unidentified ncmaticidal glycoside was isolated from the 
roots of Asparagus (Rohde & Jenkins, 1958). Drenching of roots or spraying leaves of 
tomoto with glycoside indicated a systcmic ncmaticidal action, probably related to its 
anticholin esterase effcct on the amphidial nerves of Trichodoruschristiei(R6tvie, 1960). 
Schoue & Strom (1956) and Takagusi etal. (1975) purified aspargic acid (1,2-dithiolene-
4-carboxylic acid) as the active nematicidal principle. The acid inhibited completely 
larval emergence from cysts of G. rostochiensis and HeteroderaRlvcines and was found 
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toxic to G. rostochiensis, M. hapla, P.penetrans and Paratylenchuscurvitatis (Takagusi el 
a l , 1975). 
Gramineae 
In field experiments Trifnu (1934) observed that the meadow grasses {Poa pratensis and 
P.trivalis) decreased the cyst contents of G. rostochiensis. Franklin (1937) obtained a 
similar reduction in cyst contents of G. rostochiensis with maize (Zea mays). 
Fabaceae 
Suppressive effects of Crotalaria on Meloidogyne specics have been known for a long 
time (McBcth & Taylor, 1944). In Crotalaria spectabilis the presence of substances with 
nematicidal properties was suggested (Bijloo. 1968). Later, Fassulioiis &- Skucas (1969) 
isolated monocrotaline, a pyrrolizidine ester from C. spectabilis, which was toxic to 
vertebrates. Monocrotaline also inhibited the mobility o(M.incognita\ar\a& invitro bul 
the investigators were of the opinion that this compound did not impart resistance to 
Crota/ar/aagainst Meloidogyne since certain Cystisus and Echium species were suscep-
tible despite the presence of the alkaloid. Crow/aria juncea showed moderate reaction 
(Reproduction factor 1.00-1.49) to Hop. indicus and T. nurzai while it could not support 
populations o f M. incognita, R. reniformis, T. brassicae, Hel. indicus and T. filiformis as 
indicated by R factor (<1.00) of these nematodes (Alam etal., 1978,1979). C.juncea 
was also found to be highly beneficial in suppressing plant parasitic nematodes when 
included in various cropping sequences (Alam etal., 1976a). 
Meiiaceae 
Azadirachta indica ( S ) ! ! . — M e l i a azadirachta, M. indica), popular ly known a s n e e m , is 
widely distributed in the tropical and subtropical regions. The ne«m tree has a multi-
dimensional utility in medicine, commerce and in agriculture. It also has many com-
plimentary uses. 
In rural India neem trees are allowed to grow in fields in residential quarters mainly 
because of the belief that this plant purifies air and has medicinal and insecticidal 
properties. Its significance vis-a- vis plant parasitic nematodes has come into light rather 
recently. Various parts of the plant and its seed-cake have proved to be highly 
nematicidal. Its antagonism to nematodes was noticed by Alam (unpublish data) when 
he observexl very few tylenchids in the soil samples collected from the vicinity of neem 
plants, although the population of saprozoic nematodes was moderate to high. Later 
Alam etal. (1977a) and Siddiqui & Saxena (1987a,b) reported a high degree of suppres-
sion in the multiplication of M. incognita and Rotylenchulus reniformis on tomato and 
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Tylenchorhynchus brassicae on cabbage and cauliflower in the presence of necm see-
dlings. 
The antagonistic nature of neem was confirmed by the toxicity of its root exudates 
to plant parasitic nematodes (Alam eial., 1975; Siddiqui & Alam, 1989). Root exudates 
also inhibited larval hatching of M. incogniia (Alam etal., 1975; Siddiqui & Alam, 1989). 
The commonly occurring chcmicals in necm,e.g.,azadirachtin, kaempferol, nimbin, 
nimbidin, nimbidic acid, qucrcetin and thionemone are thought to be responsible for 
toxicity of root exudates and other plant parts (Khan et ai, 1974; Siddiqui, 1986). 
Melia azedarach, commonly known as Persian lilac or bakain has also been 
reported to be highly antagonistic to phytophagous nematodes (Siddiqui & Saxena, 
1987a,b). They obtained a satisfactory control of M.incognita and reniformis on tomato 
and eggplant and T. brassicae on cabbage and cauliflower by mix cropping with the 
Persian lilac. The root exudates of this plant were Highly deleterious to many plant 
parasitic nematodes and inhibited larval hatching of M. incognita (Siddiqui & Alam, 
(1989). In a comparative study, the root exudate of neem was found to be more toxic 
than those of Persian lilac (Siddiqui & Alam, 1989). 
Although mixcropping with neem or Persian lilac is impractical, yet their high 
antagonistic value to plant parasitic nematodes may serve as a turning point in evolving 
better nematode control strategies. 
Conclusion 
The foregoing account highlights the antagonistic nauire of many plant species against 
nematode pests. Many of them can be employed in the biological conu-ol su-alegies of 
nematodes. However, their influence on other soil biota particularly the natural enemies 
of nematodes—has not been studied. Information on this aspect could be valuable for 
a be t te r understanding and proper utilization of these crops. 
Stress on plant parasitic nematodes due to various antagonistic crops may be 
funher enhanced by the incorporation of their plant residues in the field following the 
harvest (Siddiqui, 1986; Siddiqui & Alam. 1987c, 1988b). 
Antagonistic plants also offer basis for finding and developing new nematicides. 
Special attention is, however, required for finding ou t possible systemic action of these 
natural products as also their behaviour to other soil biota. 
Non-acceptability of many of the antagonistic plants by farmers, on account of farm 
economics, is the major constraint in their utilization. For an ideal antagonistic plant to 
be used in the control of nematodes there are several ataibutes. These are as follows: 
1. It should be compatible to the main crop in mixcultures in respcct to its sowing, 
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2. Il could be easily fined in various c ropping sequences . 
3. Il should be highly antagonistic to the target nematode species but should not 
have adverse cffect on beneficial tlora and fauna particularly natural enemies 
of nematodes. 
4. It should be able lo reduce nematode populations below economic threshold 
level. 
5. It should be highly deleterious to other crop pests (non-target). 
6. Il should also contribute towards farm revenue. Il would be much better if the 
antagonis t ic plant also have o t h e r compl imen ta ry uses. 
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MANAGEMENT OF PLANT PARASITIC 
NEMATODES BY SOIL SOLARISATION 
M A N S O O R A . S l D D I Q U I 
k ^ O I L solarisation is a hydrothermal method o f soil disinfestation using solar heat trapped, 
and conserved through transparent polyethylene mulch. In other words, solar heating o f the soil 
(solarisation) is a method for mi ld pasteurisation by tapping moist soil for several weeks with 
transparent polyethylene. This method is used to control soil-bome pathogens. Solar heating is 
described by many names by various scientists: soil solarisation (Adams, 1971), plastic or polyethylene 
tapping, polyethylene or plastic mulching (Altman, 1970), solar pasteurisation, solar disinfestation 
or soil tarping. This is the third approach to soil disinfestation, the other two being soil steamins 
and fumigation which were developed at the end o f the 19th century (Katan et al, 1987). The idea 
o f soil solarisation was based on observations by extensive workers and farmers in the Jordan Valle> 
who noticed the intensive heating o f polythene mulched soil. 
Ever since Grooshevoy. a Russian plant pathologist, got a clue to soil disinfestation b> 
means o f solar energy as early as 1939, the subject has aroused much interest among scientists. 
This kind o f technology has found relevance in the present day scenario o f environmental and 
health problems associated with synthetic pesticides. The best method o f capturing solar energy to 
heat the soil is by means o f covering (larping/'mulching) in the field with transparent polyethylene 
sheet, especially in the tropics. This technique is a novel method o f soil disinfestation by means of 
solar energy (Katan et al, 1976). Scientists have worked on soil solarisation in many countries like 
Australia, Egypt, England, Greece, India, Iraq, Israel, Italy, Japan, Jordan, Morocco, Pakistan. 
Portugal, South Africa and the U. S. A. (Katan, 1981; Old, 1981; Pullman et al. 1981; Kodama and 
Fukai, 1982; Usmani and Ghaffar, 1982; Besri. 1983; Porter and Merriman, 1983; Garibaldi and 
Gull ino, 1991; Gaur and Dhingm, ! 9 9 ! ) . 
Use o f polyethylene tor solar heating dif fers in principle from the traditional use of 
polyethylene in agriculture. W'ah soil solarisatioiS, soil is mulched during the hottest montiis to 
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increase the maximum temperature in an attempt to achievc lethal levels. It is a simple process 
involving tarping solar energy in the soil by covering the soil surface with polyethylene tarps (Heald 
and Stapieton, 1990). The thinnest polyethylene tarp possible (25-30 ftm) is recommended since it 
is both cheaper and somewhat more effective in heating. The average daily temperatures for July-
August are 25-26° C and global radiation 600-650 Ly/24 hours. Temperatures of tarped soils art-
higher, reaching 60° C at 5 cm depth. Plastic which degrades after a precise time and polyethylene 
recycling or removal process should be further developed for soil solarisation (Gilead, 1978; Pullman 
el al, 1979). Polyethylene tarps reduce heal convention and water evaporation from the soil to the 
atmosphere. As a result of the formation o f water droplets on the inner surface of the polyethylene 
film, its transmissivity of long-wave radiation is highly reduced, resulting in better heating due i 
an increase in greenhouse effect (Malik and Tran, 1973; Silverstein. 1976; Martinez Garcia et al 
1983). The characteristics of polyethylene that lead to its widespread use is its high transparency u 
light in the spectrum of 0.4-36 fim, except for two absorbence bands around 7 and 14 ^m in th' 
infrared spectrum (Niessen, 1978). 
Soil solarisation has the ability to provide season-long control of plant parasitic nematode 
and other soil-borne pathogens under a climatic regime characterised by periods of abundant rainfal 
and extended cloud cover. It is a source o f surplus cheap energy for heating the soil such as waste 
of hot water from power stations and to control the pathogens (Wheen, 1979). 
Irrigation before covering the soil is generally recommended to increase the effectivenes: 
of solarisation. Sub-lethal heating of the nematodes in the soil profile results in reduced pathogenic 
potential and lower subsequent reproduction or egg hatching. Solar heating with polyethylene 
sheeting treatment controlled the population of plant parasitic nematodes (Horiuchi, 1984; De Vay 
et al, 1985; Hildebrand and Dinkel, 1988). The soil cover with polyethylene sheets of wet soil was 
very effective in reducing the population of plant parasitic nematodes because, in the soil, the 
resting structures are usually more sensitive to heat ^nd solar heating and was much better in wet 
soil (Mahrer el al, 1984; Abdel-Rahim et al, 1988). Water solarised soil increased the thermal 
sensitiveness and transmission of heat to deeper layers which results in the radiation of plant parasitie 
nematodes and other pathogens. Soil solarisation also increases the temperature apparently, anci 
the thinnest polyethylene sheet increases the temperature more with bener heating, radiation and 
transmission. The highest reduction in the population of Hoplolaimus indicus. Hehcotylenchus 
indicus, Rolylenchulus reniformis, Tylenchorhynchus brassicae, Hemicriconcmoides sp. and 
Meloidogyne incognita was observed in soil irrigated and covered with polyethylene sheets of 60 
Hm. As the thickness of the polyethylene sheet increased, the number of nematodes recovered 
increased (Siddique and Saxena, 1992; Khan et al, 1994). Heat plays a vital role in kil l ing soil 
pathogens. The basic process in solar heating is the heating of soil to relatively mild levels. usuali> 
36-50° C in the upper 30 cm. 
Soil solarisation with different thickness of polyethylene sheets showed a ircmcndous efTect 
in reducing nematode populations in the soil. It can be due to the soil covered with poi>ctli\Icne 
sheets which reduces the heat convection and water evaporation from the soil to the environmcni. 
resulting in the formation of water droplets on the inner surface of the polythene sheets; its 
transmissivity to long-wave radiation is highly reduced resulting in better heating of the soil (Grinstein 
etal, \979; AguUar el al. 1990; Katan, 1987;Ostree, 1993; Siddique e/^7/. 1998). Soil .solarisation 
offers an effective, non-chemical means of controlling some pests and diseases. It may also increase 
crop yield and quality (Hildebrand, 1985; Anonymous, 1992). A number of studies have been made on 
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the efTects o f soil solarisation on the population o f plant parasitic nematodes (Borges, 1982; Katan. 
1983; Stapleton and Dc Vay, 1986; Arora and Pandey, 1989; Davis, 1991; De Vay, 1991; Gaur and PenA. 
!99l;GrinsteinandAusher, 1991; Horiuchi. 1991; Katan and De Vay, 1991; Lamberti and Greco, 1991: 
Stapleton, l99l;Grinstein, 1992; Maz/a a/. 1994; Siddiqui e/a/. 1997). 
F A C T O R S A F F E C T I N G SOIL S O L A R J S A T I O N 
Factors affecting the efficiency o f soil solarisation include temperature, moistness, light 
intensity, plastic film characteristics and edaphic factors, direct and indirect effects on plant organisms, 
duration o f the efTects of soil solarisation and the effects of integrated control methods on various 
plant parasitic nematodes and other pathogens. Methods o f application o f soil solarisation under 
field, greenhouse and post-harvest conditions, chemical and biological changes in soil from solarisation. 
benefits, limitations, economic aspects and areas for improvement should be considered (De Souza. 
1994). Solar heating is most effective when temperatures are high, but many susceptible vegetable 
crops are planted in the spring season when temperatures are cool. Further research is necessary to 
study the economic benefits and costs of solar heating and the timing o f solar heating in relation :o 
crop production. Jenkins and Averre (1986) observed that solar heating was more effective than an> 
crop rotation in reducing inoculum density and diseases in carrots. Solar heating was equally effective 
to deep ploughing with a monoboard plough. 
SOIL SOLARISATION FOR SOME IMPORTANT NEMATODE PESTS 
Root-Knot Nematodes {Meloidogyne sip.) 
The effect of 10-week soil solarisation using transparent and black plastic was tested in 
Jordan Valley. Both the treatments were effective in reducing the population o f Meloidogyne incognita. 
But transparent plastic was slightly more effective. The respective increase in yield resulting from 
solarisation with transparent and black plastic was 79 and 65 per cent in tomato, 50 and 49 .8 per cent 
in eggplant and 21 and 10 per cent in cucumber (A1 Asad and Abu-Gharbieh, 1990; Abu-Gharbieh et 
al, 1991 a). In soil solarisation for eight days, the population of Meloidogyne incognita reached 78.9 
per cent; no significant differences were found in the solarisation ef f ic iency of plastic sheets of 
varying thickness. Reduction in nematode population ranged fi-om 83.1 to 97 .8 per cent. Used and 
new plastic sheets were equally effective against nematodes, reducing the population by 94.4 to 97.8 
per cent. Solarisation efficiency decreased with soil depth o f 30 and one cm, respectively. Solarised 
soil registered 10. i to 12.3° C higher maximum temperatures at 5 cm depth, compared to non-solarised 
soil (Alcazar et al, 1991). Gamliel and Stapleton ( 1 9 9 3 ) detetmined that soil solarisation alone gave 
only partial control o f the root-knot nematode, Meloidogyne incognita and other pathogens, but in 
combination with chickpea compost, ammonium phosphate fertiliser, effect ively controlled the 
pathogens. Lettuce yield was significantly increased by solarisation treatment in successive autumn 
and spring crops. However, an inhibitory effect on lettuce growth and yield in the autumn crop was 
observed in plots amended with compost after solarisation. Soil solarisation of nursery beds by 
mulching with clear thin polyethylene sheets for six weeks in summer reduced the population density 
o f Meloidogyne incognita significantly more than non-mulched fallow. The decline in nematode 
population was highest in the 0-10 cm deep soil layer, where the temperature frequently exceeded 40° 
C . Eggplant seedlings grown in solarised soil beds had very few root galls. Polyethylene mulchin<z 
also reduced the upward ionic movement in the topsoil layer by preventing water loss (Gaur and 
Dhingra, 1991). Soil solarisation using clear polyethylene mulch reduced the population of 
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Meloido^ne incognita in potato. The effect o f soil solarisation on nematode populations was 
comparable to Dazomet (Raymundo et at, !986). Second stage juveniles fo Meloidogyne incognita 
were significantly reduced by soil solarisation, certain nematicides and by soil solarisation-nematicide 
combinations. Yield o f carrot and survival o f cotton seedlings was sometimes increased by soil 
solarisation and/or chemical treatment. N o significant phytotoxicity from soil treatments was found 
on cotton or carrot. Ammonium sulphate, ammonium sulphate and manure fertiliser were active 
against populations of Meloidogyne incognita in soil solarised in June-July for three to seven weeks 
and reduccd the level o f pathogens. Growth and yield of tomato was stimulated more consistently 
thanbyNH^-NfertilisationCStapletonandDeVay, l983;Stapletone/o/ , 1987,1991) . 
The effectiveness o f combining soil solarisation for 11 weeks with a single treatment o f solar-
heated water (75-90° C) applied at the beginning or end of the solarisation period was studied. At a 
depth of 10 cm, solarisation alone increased soil temperature by 3-6° C compared with the control. 
Combined treatments increased soil temperature further by 8-14° C. The maximum temperature reached 
56° C. These treatments reduced root galling of Meloidogyne incognita. Tomato growth was generally 
better than with hot water alone or control treatments (Saleh et al, 1989; Abu-Gharbieh et al. 1991 b). 
The population of Meloidogyne javanica was consistently reduced in three to six week clear plastic 
mulch. The growth o f grapevines and tomatoes was enhanced in soil treated with solarisation for six 
weeks (Barbercheck and Broemsen, 1986). There was a substantial decline o f Meloidogyne javanica 
population in solarised plots (Greco er a/, 1985; Walker and Wachtel, 1989). Cenis (1985) and Cenis 
and Argemi (1988) calculated the mortality rates o f Meloidogynejavanica larvae at soil temperatures 
typical o f soil solarisation (30 to 48° C) which were found to be higher. It was possible to calculate the 
number o f days o f solarisation needed to reach a given level o f nematode population. A maximum 
reduction (87 per cent) in the nematode population was recorded involving Meloidogyne javanica 
field ploughed, covered with transparent polyethylene sheet and exposed to the sun. Eggplants 
treated with Carbofuran/Furadon 3G (at 0.3 g a.i./m^) had lower root-knot infection than the untreated 
plots (Jain and Gupta, 1991). Treatment with Fenamiphos and soil solarisation significantly reduced 
the nematode population of Meloidogyne javanica and increased yields o f eggplant (Stephen 
elal, 1989). 
Soil solarisation and fumigants increased plant growth of pepper {capsicum), yield and 
reduced infection of root-knot nematodes, Meloidogyne incognita, Meloidogyne javanica and other 
pathogens. Soil temperature during solarisation (30 and 50d) period were higher in the plastic house 
covered before treating than in the one covered after treating, with the temperature reaching 4 6 . 9 and 
42.3° C at depths of 5 and 15 cm, respectively. Control of Meloidogyne sp., other pathogens and 
yields o f eggplant were also higher. The occurrence o f root infestation with Meloidogyne sp. and 
other pathogens was significantly reduced by solarisation treatments and enhanced plant growth in 
tomato (Cartia t'/a/. 1989a, 1989b, 1991). Calabretta e / a / ( l 9 9 l a , 1991b) found that soil solarisation 
significantly reduced Meloidogyne sp. population in soil and roots of tomato and increased yield. 
Alternation of solarisation in summer with methyl bromide application in winter gave good nematode 
control. Soil solarisation showed the best potential for reducing Meloidogyne sp. and other soil-
borne pathogens as it is effective, easy to apply, pollution-free, economical and inexpensive. Moreover, 
it is helpful in increasing the root and shoot growth o f cucumbcr (Al-Samarria et al. 1988a, 1988b). 
Solar heating by polyethylene mulching in June-August and planting seedlings through holes made 
in the covers reduced root-knot nematode and Meloidogyne infection of other soil-borne pathogens 
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on tomato (Hasan, 1989). In a study of soil solarisation between two seasons, Kim and Hans (1988) 
noted that roct-knot nematode, Meloidogyne sp., in soil contained in a vinyl bag completely failed 
within 48 hours at 40° C in an incubator. Double layer sheet with 0.03 mm thick polyethylene, the 
highest temperatures were 48.7° C at 15 cm and 45.2° C at 30 cm soil depth when the outdoor temperature 
was 30° C and the lethal temperature above 40° C was recorded for 17 days with a treatment of seven 
hours per day at 5 cm soil depth from August I to August 31. Due to the increased temperature, root-
knot nematode population was suppressed at 96, 74 and 54 per cent with single layer solarisation and 
100, 99 and 98 per cent with double layer solarisation, at 5, 15 and 30 cm soil depth, respectively. 
Double layer solarisation during summer provides a sufficient level of suppression of root-knot 
nematodes left in the soil of vegetable crops in the greenhouse. Nematode management on tomato by 
solarisation (temperature 2 8 - 5 2 ° C) has potential to reduce the population and root-knot galling by 
Meloidogyne sp. (McSorley and Parrado, 1986). 
Patel e/ a/ (1991) found that covering the soil with clear polyethylene or U V film for two 
months during summer effectively controlled root-knot nematodes, Meloidogyne sp. and produced 
more tomato transplants. Soil solarisation proved better among the individual treatments where 84.67 
per cent seedling emergence o f tomato occurred. High seedling emergence (88.33 per cent) was 
observed when soil solarisation was integrated with the seed treatment of Carbosulfan, Miral (isazofos) 
separately (Osman, 1991; Rao and Krishnappa, 1994). Stapleton and De Vay (1983) observed soil 
assays immediately following treatment by solarisation and solarisation plus 1,3-D included significant 
population density reductions o f 4 2 - 1 0 0 per cent o^Meloidogyne and other plant parasitic nematodes. 
Several months after soil solarisation, population density reactions were usually greater than those 
found immediately following treatment even when susceptible crops were planted in the soil during 
the interim period. Soil was assayed to a maximum depth of 91 cm. Field and greenhouse grown plants 
usually showed significant increased growth responses to solarised (32-128 per cent) or solarised 
plus 1,3-D treated (43-152 per cent) soil as compared to non-treated control, but not by 1,3-D alone or 
from orchard trees at post-plant treated sites. Soil solarisation for 30 and 45 days reduced the 
population o f Meloidogyne sp. by 66.6-108 per cent (Zaid et al, 1991) . 
C y s t N e m a t o d e s {Heterodera sp . and Globodera sp . ) 
The ef f icacy o f soil solarisation increased with the length of the mulching period for 
Heterodera carotae. Only 17 per cent of Heterodera carotae survived in the 8-week solarised plots, 
resulting in suppression of carrot feeder root invasion by the nematode and greater yield increase 
than with Aldicarb, SIP 5561 and 1,3-D. Solarisation alone was not satisfactory but when combined 
with nematicides, the population o f Heterodera carotae was almost eradicated. Yield of carrot increased 
6-6 .5 times in plots treated with soil solarisation combined with nematicides (Greco and Bransdonisio, 
1990; Greco et al, 1990). Vito e/ a/ (1991) pointed out that the soil population of Heterodera ciceri was 
greatly reduced emd nematode numbers were also reduced in chickpea roots collected in mid-Apri l . 
The fresh weight o f plants and grain yield of chickpea were significantly increased in solarised soil for 
six to eight weeks. 
Soil covered with polyethylene reached a maximum temperature o f 55° C at 5 cm soil depth 
while uncovered soil reached only a maximum temperature of 40° C . Population densit>' of Heterodera 
ciceri infected faba bean (Vicia faha) was reduced by 83 to 100 per cent by 40 days of soil solarisation 
(Sauerbome/a/ , 1990). 
- 6 5 9 -
5 9 9 
MAHSOOR A. SIDDIQUI 2 4 3 
Solarisation by covering the soil with transparent polyethylene sheets during the summer 
months significantly reduced the population density by 93 per cent o f Heterodera cajani eggs and 
juveniles infesting pigeonpea. Irrigation before covering the soil with polyethylene improved the 
effects of soil by reducing the population densities o f Heterodera cajani. Nematode populations 
were not as great and did not last until harvest. Factors such as rains during the solarisation, duration 
of solarisation and sensitive hours may have influenced the efficacy of solarisation. The residual o f 
solarisation on nematode populations did not last for more than a crop season (Sharma and 
Nene, 1990). 
Clear plastic mulch reduced natural soil population by 96.2-98.6 per cent to a depth o f 10 cm, 
totally eliminated juveni les buried 5 cm deep and significantly reduced survival o f encysted juveni les 
buried i 0 and ! 5 cm deep. Black plastic affected survival o f Globodera rostochiensis to a depth o f 
5 cm. Survival of encysted juveniles in irrigated soil was significantly less than in soil without 
irrigation (La Mondiaand Brodie, 1984). 
In another experiment, La Mondia and Brodie (1990) observed that the solar heating o f soil 
reduced the population o f Globodera rostochiensis. Encysted second stage Juveniles in air-dried 
cysts incubated in dry sand were less sensitive to thermal stress than those maintained under moist 
conditions. Heating o f moist cysts to 50° C for 20 minutes in wet sand resulted in death o f encysted 
second stage juveniles. Hydrated (water soaked) encysted second stage juveniles were killed at 
lower temperatures and at shorter exposures than anhydrobiotic (glycerine soaked) encysted second 
stage juveniles. La Mondia et al (1986) also observed that soil treatment with l , 3 - D or solarisation 
singly or in combination reduced the population densities o f the golden cyst nematode, Globodera 
rostochiensis, regardless o f soil type or initial population densities. 
Temperatures lethal to Globodera rostochiensis were achieved 5 cm deep under clear plastic 
but not at 10 or 15 cm depth. Soil solarisation for 60 days with black polyethylene mulch of 80 gauge 
thickness greatly reduced the population o f Globodera rostochiensis to the extent of 95 .10 per cent 
(Manie /a / , 1994). 
R o o t - L e s i o n N e m a t o d e s {Pratylenchus sp . ) 
Soil solution o f artificially inoculated soils reduced inoculum levels at least to a depth o f 10 
cm and effectively controlled diseases on tomatoes affected by Pratylenchus penetrans. In naturally 
infested soils, solarisation reduced disease by Pratylenchus penetrans and increased yields o f celery 
affected by Pratylenchus penetrans (Porter and Merriman, 1985). The mortality (Y) with time ( X ) o f 
Pratylenchus penetrans was best described by an asymptotic model of the form Y = a - The 
time required to kill 50 per cent and 90 per cent o f Pratylenchus penetrans was calculated from 
the curves 
O t h e r N e m a t o d e s 
The clTicacy o f soil solarisation increased with the length of the mulching period for 
Ditylenchus dipsaci on onion. Higher mortality o f Ditylenchus dipsaci was achieved with D - D 
combined with soil solarisation treatment (Siti et al. 1982; Greco and Brandonisio, 1990). 
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Ismail et a / ( 1997 ) pointed out that soil solarisation with 80 or 160 fim transparent or black 
polyethylene sheets with 50, 75 and 100 per cent soil cover during June, July and August under six-
year old Washington Navel Orange {Citrus sinensis Osbeck) significantly reduced soil and root 
populations of Tylenchulus semipenetrans by 9.3-95.8 per cent compared to non-mulched soil surface. 
Soil solarisation, either with transparent or black sheets substantially increased soil temperature, soil 
moisture, heat stored and significantly reduced nematode infestations. Root, vegetative growth and 
yield parameters were significantly less in non-mulched treatments whereas mulched treatments 
increased the number and length of the absorbing roots, amount of growing roots, root growth 
activity index, number, fruit weight and yield. Quality o f fruit juice also improved in the soil mulched 
treatments. 
Soil solarisation with transparent polyethylene sheets during summer months (April, May 
and June) significantly (p = 0 .01) reduced the population densities of Rotylenchulus reniformis, 
Helicotylenchus retusus, Pratylenchus sp. and Tylenchorhynchus sp. parasitic to chickpea and 
pigeonpea. Per cent reduction in population density was 99 per cent Helicotylenchus retusus, 98 per 
cent o f Pratylenchus sp. and 100 per cent Rotylenchulus reniformis. The efficacy o f soil solarisation 
was enhanced when it was combined with irrigation (Sharma and Nene, 1990). The results of Mani et 
a/ ( 1 9 9 4 ) revealed that the soil solarisation for 6 2 days with black polyethylene sheet of 80 gauge 
thickness greatly reduced the population o f Ditylenchus sp. and Mulkorhynchtis phaseoli to the 
extent o f 96 and 95 .10 percent, respectively. Black polyethylene sheet, though it is great by itself, is 
less efficient in heating the soil than transparent polyethylene sheets (Wager et al, 1960). 
The population of Pratylenchus pratensis, Rotylenchus incultus, Criconemella xenoplex 
and a mixed population of Paratrichodorus lobatus plus Paratrichodorus minor were reduced by 
between 37-100 per cent of the original level by soil solarisation (Barbercheck and Brembsen, 1986). 
Gaur and Dhingra (1991) noted that soil solarisation o f nursery beds mulching with clear polyethylene 
shee t for six w e e k s in summer reduced the population densit ies o f Rotylenchulus reniformis 
significantly more than non-mulched fallow. 
Amendment of soil with farmyard manure or mahua cake prior to polyethylene mulching did 
not increase the effect of solarisation. Chel lemie/ 'a/(1993) pointed out that maximum soil temperature 
achieved under solarisation treatments using a photo-selective polyethylene mulch were 49.5.°, 46° 
and 40 .5° C at depths of 4 ,15 and 25 cm, respectively. Soil solarisation reduced (p ± 0.05) populations 
of Paratrichodorus minor. Rotylenchulus reniformis and Criconemella sp. 85 days after transplanting 
on tomato. Reductions of Paratrichodorus minor and Criconemella sp. on solar set were similar to 
those achieved by fumigation with a 67:33 mixture o f methyl bromide and Chloropicrin. Ragone and 
Wilson (1988) observed that using 4 mm thick polyethylene sheet for six weeks increased the maximum 
temperature o f soi ls relative to that in uncovered plots from 35-44°, 30-35° and 29-33° C at 5, 15 and 30 
cm depth, respectively. 
The temperature reached by solarisation prior to planting onions was not high enough to 
control Rotylenchulus reniformis, Pratylenchus sp. and Helicotylenchus sp. Heald and Robinson 
( 1 9 8 7 ) evaluated the soil solarisation for the control of Rotylenchulus reniformis. This method 
significantly reduced the population densities o f Rotylenchulus reniformis o f 0-15 cm deep and 
increased yield o f lettuce and cowpea. The length of time required for 90 per cent mortality of 
nema todes in soil heated under controlled conditions in the laboratory varied from 25 hours to less 
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than one hour between 41 and 47° C. They pointed out that daily exposures o f nematode-infested soil 
to lethal temperatures for sub-lethal time periods had a cumulative lethal effect. Eggs were similar to 
juveniles in their sensitivity to high temperatures. 
Strawberry fields heavily infested with sting nematodes, Belonolaimus lungicaudatus 
populations were effectively reduced for more than half the crop season by solarisation for nine 
weeks under clear polyethylene film or Redlam x green leaf sorghum seed broadcast as a cover crop 
(Overman et al, 1987). The temperature in clear + black plastic treatment exceeded for more than 
two hours on clear days in hot summer. Survival o f Bursaphelenchus seani averaged 98 ± 3 per cent, 
78 ± 22 per cent, 38 ± 38 per cent and 0 ± 0 per cent, whereas as the reproductive success o f 
Bursaphelenchus seani following treatment was 100, 75 and 0 per cent for the no plastic, clear 
plastic and clear + black plastic treatments, respectively. Bursaphelenchus seani in petri dishes and 
Belonolaimus longicaudatus and Hoplolaimus galeatus in soil died when exposed to 48 ± 2° C for 
two hours (Giblin and Verkade, 1987, 1988). 
Highest reduction in nematode population of Hoplolaimus indicus, Helicotylenchus indicus, 
Rotylenchulus reniformis, Tylenchorhynchus brassicae, Tylenchus filiformis and Meloidogyne 
incognita was obtained in solarised soil together with treatment of soil with oil cakes/nematicides. 
The highest increase in plant growth o f tomato and eggplant was also observed in these treatments 
(Siddiqui and Saxena, 1992; Siddiqui et al, 1994). Soil solarisation alone and solarisation + 1,3-D 
included significant population density reductions o f42 -100 f>er cent of Pratylenchus. Paratrichodorus, 
Criconemella, Xiphinema, Pratylenchus sp. and Helicotylenchus digonicus. At one site moist soil 
covered by polyethylene was shaded fi-om solar heating by sheets of gypsum board. Subsequent soil 
assays from the shaded treatments showed significant population density reductions of plant parasitic 
nematodes. These were approximately half o f those attained following solarisation indicating partial 
control directly or indirectly due to the polyethylene film cover and/or maintaining high soil moisture 
during the treatment (Stapleton and De Vay, 1983; Stapleton et al, 1985). Control o f Ditylenchus 
dipsaci with 2-8 weeks mulching period was found effective and only 1.6 per cent of the nematodes 
were found after eight weeks (Greco et al, 1985). 
Kamra and Gaur (1995) observed that due to complete sealing o f polyethylene bags, the 
plant parasitic nematodes kill was found better especially in the deeper layers o f soil due to greater 
accumulation o f heat and solar energy for pasteurisation. Inoculation populations of Aphelenchoides 
composticola and Rhabditis sp. were eliminated from the polyethylene covered beds, irrespective o f 
depth and moisture after two days exposure (Grewal and Grewal, 1988). 
Soil solarisation used as a nematicidal treatment ranges from excellent to incomplete or 
inconclusive. It is being used with various degrees o f success for the control o f certain inhibiting 
plant parasitic nematodes and pathogens in field conditions (Porter and Merriman, 1983; Overman, 
1985; Overman and Jones, 1986). 
MERITS 
Soil solarisation has many merits for the management o f plant parasitic nematodes. Some of 
them are as follows: 
1. It is relatively cheaper, inexpensive than other methods. 
Z It does not produce toxic residues which are toxic to plants. 
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3. It is non-hazardous and pollution free in nature. 
4. it is a non-chemical and safe method. 
5. It is a simple method and can be easily used by growers. 
6. It can be applied in large fields or in small plots even with the help o f a single 
person. 
Application of soil solarisation depends upon its use. This method is limited to areas where 
the agroclimatic conditions are suitable. It can be expensive for some crops. It prolongs the 
effectiveness of disease control for more than one season, for example, by reducing the chances for 
reinfestation and combining several methods is a highly important goal in itself, f ^ beyond a means 
of cost reduction. If applied at an earlier stage o f soil infestation, it may be more effective and last 
longer. Thus, achieving a long term effect, integration with other methods may increase benefits 
(Katan 1980a, 1980b, 1984,1985,1992; Hilderbrand, 1985;Nemil, 1990; Aharonsonand Katan. 1991). 
CONCLUSION 
It can be concluded that despite some limitations, the studies of soil solarisation may go a 
long way either used singly or in combination with other factors. Integration with other methods may 
increase the benefits and it can be used in integrated Pest Management (iPM) programme. 
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MARIGOLD (TAGETES): A N AUXILIARY 
AND NEMATO-ANTAGONISTIC PLANT 
M A N S O O R A . S I D D I Q U I A N D H I S A M U D D I N 
INTRODUCTION 
A n auxil iary plant is a he lp ing plant that prov ides a service or product or both in 
addi t ion to the m a i n ou tput of the land-use s y s t e m ( H a n u m & Maesen , 1997). Auxi l iary 
plants d o not del iver primary products, but help the farmers to obtain the primary products 
in a better w a y . They, in other w o r d s have service role like provid ing shade , shelter, fixation 
of a tmospher ic and control l ing soi l erosion. T h e y also h a v e a p r o d u c t i o n role that inc lude 
s u p p l y of f i r ewood , stakes, fruits, vegetables and fodder. 
T o i m p r o v e the p lant nutrient s u p p l y for s u b s e q u e n t crops, to i m p r o v e physical 
condit ions of the soil and to s u p p r e s s w e e d s , the auxil iary crops are u s e d in fa l low system. 
Sesbania sesban (L.) Merrill is g r o w n for one to t w o years as a fa l low crop in mai^e cropping 
s y s t e m s to accumula te n i trogen in the b iomass and to other w e e d s . But, S. sesban harbours 
root-knot n e m a t o d e s w h i c h are quite h a r m f u l to certain crops. Tagetes o n the other hand 
has p r o d u c t i o n role and serv ice role. In its serv ice role, Tagetes h e l p in m a n a g i n g the root 
p o p u l a t i o n in o t h e r w i s e h i g h l y infested soils. 
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Systematic Position 
According to Bentham & Hooker ' s system of classification 
Division - Angiosperms 
Class - Dicotyiendones 
Sub class - Gamopeta lae 
Series - Inferae 
Order - Asterales 
Family - Asteraceae or Compos i tae 
Genus - Tagetes (Linn.) 
Marigold (Tagetes Linn.) is one of the auxiliary p lant which also has an ant inemic 
potential and m a n y other uses. The genus Tagetes alongwith its species are discussed herein. 
Major species and synonyms 
Tagetes erecta Linn.; African or Aztec marigold. 
- Tagetes minuta Linn.; synonym: T. glandulifera Schrank; Stinking-Roger. 
Tagetes patula Linn.; French mar igold . 
Tagetes lucida Cav.; Sweet-scented marigold. 
Tagetes tenuifolia Cav.; synonym : T. signata Bartl.; Signet or s t r iped marigold. 
Vernacular names 
Tagetes (for the Etruscan god Tages, or pe rhaps of some other derivation): Marigold 
(En.). Bangladesh: g e n d a (Bengali). India: genda , gul tera (Hindi); s t h u l a p u s h p a , s andu , 
ganduga (Sanskrit). Pakistan: genda (Urdu). 
Origin and geographic distribution 
The genus Tagetes, compris ing about 50 species, is a nat ive of Mexico and other 
warmer areas of America . It has been natura l ized in tropical and sub- t ropical areas of the 
world. Several species of Tagetes are cult ivated in ga rdens for o rnamen ta l purposes . Five 
species have been in t roduced into the Indian ga rdens which also g r o w wild as escapes. 
Similar is the case wi th other South East Asian countries (Bailey, 1947, A n o n y m o u s , 1976). 
D E S C R I P T I O N 
A genus of s t rongly-scented perennia l and annua l herbs. Leaves are oppos i te or 
alternate. These are p innate ly cut or rarely s imple serrate bear ing oil g lands . Floral heads 
are of various sizes, yellow or orange in colour, marked wi th red in some species. Involucre 
of united parts forms a cup or tube, naked at base : achene angled or f lat tened, the p a p p u s 
of a few entire mostly unequal bristles or scales : ray florets pistillate; disk florets perfect. T. 
erecta and T. lucida have upr ight and s o m e w h a t open g rowth , w h e r e a s T. patuln and T. 
tenuifolia have sp read ing and bushy na ture where lower branches lying close to the ground 
and often rooting. 
T. erecta : Plant is annual , ha rdy , stout, erect, b ranched herb , abou t 60 cm heigh. 
Leaves are strongly scented, pinnately dissected wi th each segment 1-5 cm long, oblong or 
lanceolate, serrate. Solitary flower-heads of yellow to orange colour, 5-10 cm diam. Ray florets 
many, long-clawed, somet imes 2-lipped or quilled, involucre campanula te ; achenes 6-7 m m 
long, p a p p u s scaly. 
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T a g e t e s S p p . 
Flowers generally marked Flowers not marked 
w i t h r e d . T. pa tula w i t h r e d 
Leaves p imate ly divided Leaves lanceolate, simply 
serrate. T, liicida 
Rays nunierous T. erectn Rays few, usually 
5 T. tcnuifolin 
T. ininiita—Plant is h i g h l y a r o m a t i c a n n u a l , a b o u t 1-2 m lieigli t . L e a v e s a r e 7-15 
cm in l eng th , p i n n a t i s e c t w i t h 11-19 s e g m e n t s each >4 c m long, l inea r or l anceola te . Floral-
h e a d s a r e 4-5 m m w i d e , p a l e y e l l o w in co lou r a n d occu r in c o r y m b o s e c lus te r s ; a c h e n e s 
black. 
T. patiila—Plant is a h a r d y , bus l iy a n n u a l , 30-45 c m h e i g h a n d m u c h b r a n c h e d 
n e a r the base . L e a v e s 5-10 c m long, pLiinately d i s sec ted w i t h s e g m e n t s 1-3 c m long, l inear-
l anceo la t e , s e r r a t e . R e d d i s h - y e l l o w or o r a n g e c o l o u r e d , so l i t a ry f l o w e r - h e a d s u p to 5 cm 
w i d e . F l o w e r s a r e s m a l l e r t h a n in T. erecta a n d b o r n e on p r o p o r t i o n a t e l y l o n g e r p e d u n c l e ? 
T. lucida—Plant is t e n d e r p e r e n n i a l , 30-45 c m h e i g h . L e a v e s s e s s i l e , o b l o n g -
lanceola te , s e r r u l a t e , 5-10 c m long. F l o w e r - h e a d s smal l , u sua l l y 2-3 r a y e d , o r a n g e - y e l l o w in 
c o l o u r a n d b o r n e in d e n s e t e r m i n a l c o r y m b s . 
T. temiifolia—Plant is b r a n c h e d , a n n u a l , 30-60 c m h e i g h . L e a v e s a r e p innate l} ' 
d i s s e c t e d in to u s u a l l y 12 o b l o n g l inear , s h a r p l y s e r r a t e s e g m e n t s , the l o w e r teeth a w n e d 
F l o w e r - h e a d s a r e b r i g h t - y e l l o w , 2.5 c m d i a m . , r ays 5, r o u n d i s h - o b o v a t e . 
P r o p a g a t i o n — T a g e t e s s p p . r eq u i r e shor t to i n t e r m e d i a t e d a v l eng th . P lan ts g r o w in 
a n y w e l l - d r a i n e d m o d e r a t e l y fert i le soil in sun . It is p r o p a g a t e d f r o m s e e d s a n d by cu t t ings 
of f r e s h s t e m s , p l a n t e d in m o i s t soil . S e e d s a r e s o w n in wel l p r e p a r e d s e e d b e d s a n d the 
s e e d l i n g s a r e t r a n s f e r r e d as s o o n as first t r ue leaf is vis ible , s e t t i n g t h e m in r o w s 30-75 cm 
apar t . F a r m y a r d m a n u r e or N P K fertUizers are appl ied at n o r m a l rate. W e e d i n g a n d wate r ing 
a re d o n e w h e n n e c e s s a r y . F l o w e r s a r e p i cked ear ly in d w a r f t y p e s b u t in tall t ypes they arc 
p i cked a s t h e y r i p e n . 
Y i e l d — A v e r a g e y i e lds of T. erectn, T. patuln a n d 7'. temiifolia, w h e n h a r v e s t e d in full 
b loom, a r e a b o u t 3000, 2500 a n d 2250 k g / h a , respec t ive ly . T h e a v e r a g e h e r b a g e yield is t(fn 
t imes h i g h e r t h a n f l o w e r s in t h e s e spec i e s . 
D i s e a s e s — T h e leaves a n d f l ower s of T. erecta h a v e b e e n f o u n d infec ted b y Altemana 
zinnie. A b a c t e r i a l b l i gh t h a s a l so b e e n r e p o r t e d to c a u s e s e v e r e d i s c o l o u r a t i o n d u e to the 
f o r m a t i o n of l e s ions o n t he l e a v e s r e s u l t i n g in d e f o l i a t i o n . 
A n t i n o m i c P o t e n t i a l — N e m a t o d e s a re mu l t i ce l l u l a r i n v e r t e b r a t e s w h i c h be long to 
the zoo log ica l p h y l u m N e m a t o d a . T h e y p a r a s i t i z e bo th p l a n t s a n d a n i m a l s . P lan t pa ras i t i c 
f o r m s a r e m a i n l y c o n c e n t r a t e d in a g r i c u l t u r a l f ield w h e r e t h e y c a u s e e n o r m o u s loss to the 
c r o p p r o d u c t i v i t y . 
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Crop loss can be defined as the difference between the attainable yield and the actual 
y ie ld (Chiarappa, 1971). There are n u m e r o u s est imates of d a m a g e in crop product ion o n 
w o r l d w i d e or c o u n t r y w i d e basis. For example . Staple (1953) es t imated an average annual 
loss of 50,000,000 kroner (£ 2Vi million) resulting from the attack of the cereal root e e lworm, 
Heterodera avenae in D 3 n m a r k . In United States Department of Agriculture (USDA) estimated 
worth $372,335 ,000 loss per a n n u m in 16 crops (Taylor, 1967). G o o d (1968) reported that 
out of 10% loss of soybean crops due to nematodes the contribution of root-knot and soybean 
cyst nematodes w a s 4.40% a n d 2 .00% respectively. In other estimates Hutchijiaon et al. (1961) 
a n d Cairns (1955) r e p o r t e d $250 mi l l ion a n d $500 mi l l ion losses p e r a n n u m respec t ive ly . 
F e l d m e s s e r et al. (1971) e s t i m a t e d total a n n u a l losses to the tune of $1590326934 d u e to 
n e m a t o d e s in 16 f ie ld crops, 23 f r u i t s a n d n u t crops and 24 v e g e t a b l e crops , w h i l e in 
v e g e t a b l e it is e s t i m a t e d to be the t u n e of $266,989,100 per year. S o u t h e y & S a m u e l (1954) 
f o u n d a n a v e r a g e a n n u a l loss in p o t a t o to the t u n e of £ 2 mi l l ion r e s u l t i n g from Heterodera 
rostochienies in U.K. a n d W a l e s in 1949. Recently, Sasser & Freckman (1987) h a v e r e v i e w e d 
crop losses on the bas is of w o r l d w i d e survey. They est imated an average yield losses of the 
w o r l d ' s major c r o p s d u e to plant pa r a s i t i c n e m a t o d e s to about 12.3%. T h e y a l so r e p o r t e d 
tha t monetary losses d u e to n e m a t o d e s exceed $ 100 bil l ion annual ly . 
In I n d i a , it is no t fu l ly k n o w n as to h o w m u c h losses n e m a t o d e s c a u s e b y w a y ol 
d a m a g e to v e g e t a b l e c rops . H o w e v e r , Bhatti & Jain (1977) a n d Jain & Bhat t i (1978) o b s e r v e d 
losses w o r t h 91%, 4 6 % a n d 27% in o k r a , t o m a t o a n d b r in j a ! r e s p e c t i v e l y d u e to roo t -kno t 
n e m a t o d e s . R e d d y (1985) p o i n t e d ou t tha t the yield of t o m a t o w a s r e d u c e d b y 39 .77% by 
r o o t - k n o t n e m a t o d e . V a n B e r k e m & S e s h a d r i (1970) e s t i m a t e d the loss of $ 10 mi l l ion in 
w h e a t f r o m 'Ea r C o c k l e ' d i s e a s e c a u s e d by An^uina tritici a n d $ 8 mi l l ion d u e to ' M o l y a 
d isease in w h e a t a n d ba r l ey caused by Heterodera avenae in Ra j a s than s t a t e a lone . M o r e o v e r , 
c r o p losses in co f f cc c a u s e d bv Pnif]/lt'iiclui^ cnffene w o r t h $ 3 mi l l ion w a s a l so a s s e s s e d . 
I-or b io logica l con t ro l ol pl.inl pnras i l i c i i e n m l o d c s , a n t a g o n i s t i c ph in l s s e r v e a.s 
usefu l tool (Alam et al., 1990; Millal & G o s w a m i , 2003; P a n d e y et al., 2003; M o h a n t y & Sahoo, 
2005). M a n y of such p l an t s hav ing n e m a t o d e control potent ia l h a v e beei i g r o w n since r e m o t e 
pas t t h o u g h for o t h e r pvu 'poses . For e x a m p l e m a r i g o l d s {Tagetes s p p . ) w e r e g r o w n m a i n l y 
for its o r n a m e n t a l v a l u e for use in rel igious ce remonies . It ha s b e e n a c o m m o n e x p e r i e n c e of 
f a r m e r s that tlie c r o p s t a n d s are be t ter w h e n g r o w n a l o g n w i t h m a r i g o l d s , h o w e v e r , w i t h o u t 
exac t ly k n o w i n g its s i g n i f i c a n c e a n d m o r e so w i t h r e spec t of n e m a t o d e s . 
Resistance of Tagetes s p p . to the root-knot n e m a t o d e s , Meloidogyue s p p . w a s recorded 
as ea r ly as 1938 b y Ty le r . D u t c h n a r c i s s u s g r o w e r s h a v e s u c c e s s f u l l y u s e d Tagetes s p p . as 
p r eced ing c r o p to na rc i s sus for r e d u c i n g root rot caused b y the lesion n e m a t o d e , Prati/lencluis 
penetrans. T. erecta w a s f o u n d to be so e f fec t ive in the f o l l o w i n g n a r c i s s u s c r o p that the yield 
of b u l b s d o u b l e d ( O o s t e n b r i n k et al., 1957; G o o d el al., 1965). T h e i m p r o v e m e n t a p p a r e n t l y 
resu l t ed b e c a u s e of the root d i f f u s a t e s a p p e a r e d to be, in s o m e w a y , in imica l to the lesion 
n e m a t o d e . S imi la r ly s ix teen va r i e t i e s of T. patula a n d T. erecta w e r e e f f ec t i ve b u t a g r o w i n g 
pe r iod of 3 to 4 m o n t h s w a s f o u n d to be neces sa ry ( Z e c h m e i s t e r & Sease , 1941, U h l e n b r o e k 
& Bijioo, 1958). It w a s also obse rved that this effect on n e m a t o d e p o p u l a t i o n s w a s not because 
of e v e n t u a l d e c a y of m a r i g o l d p l a n t s in soil , b u t d u e to the n e m a t i c i d a l a c t i on of roo t 
d i f f u s a t e s ( S i d d i q u i & A l a m , 1989, C a s w e l l et al., 1991). T h e s u p p r e s s a n t e f fec t w a s a l so 
f o u n d aga in s t Tylechorhynehus sp . a n d Roti/lencluis sp . By g r o w i n g T. patula y ie ld i n c r e a se d 
by as m u c h a s 4 0 % in s e v e r a l c r o p s a n d a r e d u c t i o n in t he p o p u l a t i o n of Pratylenchus 
penetrans, P. erenatus a n d Tylencliorhynehus dubhis a l so o c c u r r e d . Tagetes s p . w h e n g r o w n 
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a lone or in c o m b i n a t i o n w i t h n e m a t o d e su scep t i b l e c r o p s h a v e been r e p o r t e d to s u p p r e s s 
the p o p u l a t i o n b u i l d u p of p l a n t pa ras i t i c n e m a t o d e s (Jain ct nl., 1990; G o v i n d a i a h et al, 
1991; D h a n g a r et al., 1993; 1996; 2002; Ray et nl., 2000). Severa l s t u d i e s h a v e c o n f i r m e d the 
u s e f u l n e s s of m a r i g o l d as s u p p r e s s a n t w h e n u s e d as a c r o p p r e c e d i n g s e v e r a l s u s c e p t i b l e 
c rops or w h e n i n c l u d e d in c r o p p i n g s equences (Va rma et nl., 1978; S idd iqu i & A l a m , 1987b, 
c, 1988a, G o v i n d a i a h et nl., 1989, Zava le t a et nl., 1993; S i a n a n d et nl., 1995). In p a t h o g e n e c i t y 
test T. erecta s h o w e d p o o r reac t ion ( r e p r o d u c t i o n fac tor < 1.00) to the r o o t - k n o t n e m a t o d e , 
Meloidogync incogriitn, the r e n i f o r m n e m a t o d e , Rotijlenchuhis reniformis, the s t i m t n e m a t o d e , 
Tylenchorliynchiis brnssicne, the lance n e m a t o d e , Hoplolniiniis inclicus, the sp i r a l n e m a t o d e , 
Helicotylenchiis indicus, the f i l i f o r m n e m a t o d e , Ti/lenchus filifonnis a n d the s t u b b y roo t 
n e m a t o d e , Trichodorus mirzni. 
T h e p r e s e n c e of an a lka l ine w a t e r so lub le nema los t a l i c chemica l cons t i t uen t in leaf 
ex t rac t of Tagets patuta s h o w e d n e m a t o s t a l i c p r o p e r t y aga ins t Xiphinema basiri at longer 
e x p o s u r e p e r i o d s ( R a j v a n s h i et nl., 1985, K h a n & S i d d i q u i , 2001) In vitro d i f f e r e n t p a r t s of 
Tagets lucida w e r e f o u n d toxic to n e m a t o d e s . M a x i m u m toxicity w a s o b s e r v e d in f l ower s 
a n d m i n i m u m in roo t ex t r ac t s (S idd iqu i & A l a m , 1988c, Ray et al., 2000). 
It h a s b e e n s u g g e s t e d tha t the ef fec t of Tngetes on s o m e n e m a t o d e s is d u e to the 
release of the n e m a t i c i d a l chemica l f r o m the roots. T h e c rop r e s i d u e s of Tngetes spp . , viz., 7". 
erectn, T. lucidn, T. minutn a n d T. tenuifolin as g r een m a n u r e h a v e b e e n u s e d succes s fu l l y to 
r e d u c e the n e m a t o d e p o p u l a t i o n s (S idd iqu i & A l a m , 1987a, 1988b). 
S o m e n a t u r a l l y o c c u r r i n g nema t i c ida l c o m p o u n d s h a v e b e e n isolated f r o m Tngetes 
spp . , e.g. ± - t e r t h i e n y l a n d 5- ( -3 -bu ten-ynyl ) -2 ' -2 ' -d i th ieny l . T h e ac t ive c o n i p o u n d s m a y be 
c o n s i d e r e d as d e r i v a t i v e s of 2, 2 ' -b i th ienyl a n d l , 2 - d i ( 2 - t h i e n y l ) - e t h e n e ( S u a t m a d j i , 1969, 
G o m m e r s , 1973, 1981). 
It h a s b e e n s u g g e s t e d that the nemat ic ida l act ive p r inc ip les in m a r i g o l d is m a d e - u p 
of seve ra l c o m p o n e n t s in a d d i t i o n to t h i o p h e n e s . P h o t o a c t i v a t i o n of ± - t e r t h i e n y l u n d e r 
ae rob ic c o n d i t i o n is r e p o r t e d to be n e c e s s a r y for e n h a n c i n g its n e m a t i c i d a l ac t iv i ty . P. 
penetrans r e c o v e r e d f r o m roots of T. pntula w e r e ef fect ively kil led in n e a r u l t rav io le t l ight. A 
n u m b e r of s y n t h e t i c a l l y p r e p a r e d t h i o p h e n i c c o m p o u n d s h a v e a l s o s h o w n in vitro 
n e m a t i c i d a l ac t iv i ty . 
U S E S 
M a r i g o l d s a r e m a i n l y g r o w n in g a r d e n s for o r n a m e n t . T h e f l o w e r - h e a d s a re m u c h 
u s e d for g a r l a n d s a n d o f f e r i n g s to g o d (in India) . D i f f e r en t spec ie s of Tngetes y ie ld v a r i o u s 
s t r o n g l y a r o m a t i c e s sen t i a l oi ls w h i c h a r e c o m m o n l y k n o w n as T A G E T E S OIL. T h e oil is 
o b t a i n e d f r o m ae r i a l p a r t s of the p l a n t , p a r t i c u l a r l y t e n d e r l e a v e s w h i c h a r e r ichest in oil 
content . T h e oil is Extracted b y s team-d is t i l l a t ion for 3-4 h, a n d then a b s o r b i n g the dist i l late 
in p e t r o l e u m - e t h e r o r b e n z e n e . T h e m a j o r use of tagetes oil is in c o m p o i m d i n g of h igh-grade 
p e r f u m e oils. It h a s f l y - r epe l l en t , l a rv ic ida l a n d n e m a t i c i d a l p r o p e r t i e s . T a g e t e s oil a s well 
as o t h e r p l a n t ex t r ac t s h a v e m a n y m e d i c i n a l p r o p e r t i e s . In a g r i c u l t u r a l l a n d g r o w i n g of 
m a r i g o l d s u p p r e s s e s p o p u l a t i o n s of s e v e r a l n o x i o u s s p e c i e s of p l a n t p a r a s i t i c n e m a t o d e s . 
F l o w e r s of T. erectn (Az tec or A f r i c a n m a r i g o l d ) y ie ld a y e l l o w d y e , m u c h u s e d in 
Ind ia in h o m e d y i n g c lo thes , e spec i a l l y a m o n g p o o r sec t ion of the soc ie ty . Xan thophy l l 
f rac t ion f r o m the pe t a l s a s wel l as d r i e d a n d g r o u n d f lore t s a r e u s e d in ch icken f eeds to 
e n h a n c e the y e l l o w c o l o u r of ch i cken sk in a n d eggs . T h e f lo re t s a r e u s e f u l in e y e d i seases 
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a n d ulcers . A q u e o u s ex t rac t of f l ower s h a s s h o w n act iv i ty aga ins t G r a m - p o s i t i v e bac te r ia 
a n d p l a n t pa ra s i t i c n e m a t o d e s . It h a s a l so been f o u n d e f fec t ive aga ins t r h e u m a t i s m , cold 
a n d b ronch i t i s . Root ex t rac t h a s laxa t ive p rope r t i e s . Leaves a re u se fu l in k i d n e y p r o b l e m s 
a n d m u s c u l a r p a i n s . T h e s e a re a p p l i e d o n boi ls a n d ca rbunc l e s ; their ju ice h a s b e e n f o u n d 
g o o d for e a r a c h e . T h e i n f u s i o n of l eaves a n d f lore ts is r e c o m m e n d e d as a v e r m i f u g e ; it is 
d iu re t i c a n d c a r m i n a t i v e . 
T h e oil of T. minuta is toxic d u e to the p resence of t age tone w h i c h restr icts its u se in 
p e r f u m e r y on ly . It s h o w s pos i t ive juven i l e h o r m o n e ac t iv i ty on s o m e insects . Synerg i s t i c 
activity of the oil w i th p y r e t h n i m m a k e s it more impor tan t . Plant extract has larvicidal, insect-
rep l l en t a n d an t iv i r a l p r o p e r t i e s . It is s u s p e c t e d of p o i s o n i n g cows . T h e p l a n t juice c a u s e s 
i r r i ta t ion of e y e s a n d sk in . T h e roo t s c o n t a i n s t r o n g n e m a t i c i d a l p r i nc ip l e s . F l o w e r s of T. 
minuta f o u n d are used as a s tomachic, laxative, diuret ic and d iaphore t ic . A volatile oil p resent 
in the f l o w e r s s h o w s t r anqu i l i z ing , h y p o t e n s i v e , s p a s m o l y t i c , b r o n c h o d i l a t o r y a n d ant i -
i n f l a m m a t o r y p rope r t i e s . 
T h e oil o b t a i n e d f r o m T. patiiln f i nds a g o o d m a r k e t in the p e r f u m e i n d u s t r y . T h e 
a q u e o u s ext rac t of f l o w e r s exhib i t s ac t iv i ty aga ins t G r a m - p o s i t i v e bac te r i a . P lan t ex t rac l i.s 
toxic to G e r m a n a n d A m e r i c a n cock roaches . Roots c o n t a i n n e m a t i c i d a l p r inc ip l e s . Plant 
roots a n d s e e d s a r e p u r g a t i v e . T h e leaves s h o w skin- i r r i ta t ing act ion. T h e oil ob ta ined f r o m 
fresh f lowers g ives a p a r a l y s i n g effect on the sp ina l m a r r o w . It is an t i sep t ic a n d f ly-repel lant 
a n d u s e d a s a m o d i f i e r in h a i r l o t i o n s . T h e j u i ce of f l o w e r s p o s s e s s s t i m u l a n t a n d 
an the lmin t i c p r o p e r t i e s . It is u s e d o n cu t s a n d w o u n d s . T h e decoc t ion of f l ower s is u s e d as 
a c a r m i n a t i v e . 
Because of t a r r a g o n - l i k e f l a v o u r T. lucidn p l an t is u s e d as a c o n d i m e n t in s o u p s . It 
is a lso u s e d to p e r f u m e b a t h i n g vvater. 
P R O D U C T I O N A N D I N T E R N A T I O N A L T R A D E 
T h e t age t e s oil is p r o d u c e d on c o m m e r c i a l scale in F r a n c e f r o m T. minuta a n d 7. 
patula a n d in Kenya a n d Aus t ra l i a f r o m T. minuta. It is a lso p r o d u c e d in India f r o m T. erccta, 
T. minuta, T. patula a n d T. tenuifolia b u t to a s m a l l ex ten t . T h e oil p r o d u c e d in F rance f i n d s 
a g o o d m a r k e t in the in t e rna t iona l p e r f u m e r y t rade . In the cases of T. erecta, T. patula a n d T. 
tenuifolia a b o u t 3, 3.5 or 6.75 Kg oil can be ob t a ined f r o m f u l l - b l o o m i n g p l a n t s of an hec ta re 
of c rop respec t ive ly . 
P R O P E R T I E S 
T h e oil f r o m f l o w e r s of T. erecta is r e d d i s h ye l low in co lou r w h i l e f r o m o the r aer ial 
p a r t s it is g r e e n i s h y e l l o w w i t h t r u e - t o - n a t u r e m a r i g o l d a r o m a a n d s t r o n g l y w a x y n a t u r e . 
T h e oil ([±]fy 8.7°; ac id val . , 0.1; a n d s a p . v a l . , 39.8) c o n t a i n s : t i - l imonene , 32.0; o c i m e n e , 
25.6; Minalyl aceta te , 12.7; /-l inalool, 9.8; t age tone , 6.2; a n d M-nonyl a l d e h y d e , 2.4%. Seve ra l 
p i g m e n t s a re p resen t in the f lowers of T. erecta bu t they a p p e a r to v a r y qua l i t a t ive ly w i th the 
source of mate r ia l , e.g., que rce t age t in (3:3' :4' :5 :6 :7-hexahvdroxyf lavone) a n d que rce t age t r in 
(que rce t age t in -7 -g Iucos ide ; p r e s e n t o n l y in e a r l y - s e a s o n f l o w e r s ) h a v e b e e n i so la ted f r o m 
the I n d i a n variet ies wh i l e kaempfe r i t r i n a n d he len ien (a d ipa lmi t i c acid es ter of lutein 0.74%) 
f r o m the R u m a n i a n varieties. Several caro tenoids h a v e been found to occur in T. erecta f lowers, 
out of w h i c h xan thophy l l f r o m the pe ta ls has commerc ia l va lue . Tlie s e e d s of T. erecta conta in 
abou t 24% p r o t e i n a n d 20% oil ( iod. val. , 118; s ap . val., 162) on d r y w e i g h t basis . T h e y give 
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pos i t ive tes ts for a l k a l o i d s . T h e p l an t roo ts pos se s s a n u m b e r of b i t h i e n y l s a n d a little 
ter thienyl . 
T h e oil of w i ld T. minuta f r o m Sh imla , I n d i a c o n t a i n e d : a r o m a d e n d r e n e , 17.3; 
t a g e t o n e , 1 5 . 4 ; p h e n y l e t h y l a l c o h o l , 15 .4 ; o c i m e n e , 15 .0 ; s a l i c y l a l d e h y d e , 7 .9 ; 
p h e n y l a c e t a l d e h y d e , 3.5; 2 - h e x e n - l - a l , 3.5; e u d e s m o l , 2.2; l i n a l y l a c e t a t e , 1.8; a n d an 
u n i d e n t i f i e d c a r b o n y l c o m p o u n d , 5.0%; a n d l i m o n e n e a n d l inalool in t races. T h e oil readi ly 
p o l y m e r i z e s d u e to the p r e s e n c e of t age tone a n d o c i m e n e , s o s t o r a g e is d o n e in c o m p l e t e 
absence of air, mojs t i i r e a n d light. Tlie roots of T. tnimda con ta in b i th ienyl de r iva t ives w h i c h 
inc lude 5-(3-buten- l -ynyl) -2 ,2 ' -b i th ienyl . 
In case of T. patula the aerial p lan t pa r t s yield a y e l l o w i s h - a m b e r - c o l o u r e d oil w h i c h 
is m o b i l e at the t ime of d i s t i l l a t ion b u t b e c o m e s d a r k a n d v i s c o u s o n e x p o s u r e to a i r a n d 
mo i s tu re . F resh oil h a s v e r y p o w e r f u l o d o u r of g r een a p p l e s . W h e n s e p a r a t e l y i sola ted , the 
oil f r o m the f l o w e r s is a m b e r - r e d in co lour a n d that the l eaves a n d s t e m s g r e e n i s h - y e l l o w . 
T h e c o n s t i t u e n t s of the oils i so la ted f r o m the f lore ts , l eaves a n d s t e m s , r e s p e c t i v e l y w e r e : 
t age tone , 40.4, 42.5, 26.3; l inalool , 22.1, 16.6, 15.2; l i m o n e n e , 14.0, 21.8, 24.6; l ina ly lace ta te , 
13 .8 , 11 .0 , 9 . 1 ; a n d o c i m e n e , 8 .5 , 6 .0 , 2 3 . 7 % . C o l o u r i n g m a t t e r p a t u l e t i n ( 6 - 0 -
m e t h y l q u e r c e t a g e t i n ) , pa tu l i t r i n ( p a t u l e t i n - 7 - m o n o g l u c o s i d e , p r e s e n t on ly in ea r ly s e a s o n 
f l o w e r s a n d b u d s ) , a n d c y a n i d i n d i g l y c o s i d e h a v e b e e n f o u n d to o c c u r in the f l o w e r s of T. 
patuln. Q u e r c e t a g e t i n a n d q u e r c e t a g e t r i n a l o n g w i t h p a t u l e t i n a n d p a t u l i t r i n h a v e b e e n 
iden t i f i ed in R u m a n i a n f l o w e r s a n d no t in Ir idian var ie t ies . F l o w e r s of R u m a n i a n var ie t ies 
of 7". patuln c o n t a i n a c a r o t e n o i d , h e l e n i e n (1.05%). F l o w e r ju ice c o n t a i n s i od ine . T h e roots 
c o n t a i n p o l y t h i e n y l s i n c l u d i n g n little t e r th ieny l . 
I i u r o p e a n v a r i e t i e s of T. htcidci y i e ld a g r e e n i s h - y e l l o w t a g e t e s oil h a v i n g the 
fo l lowing cons t i tuen ts : 1.5218; acid val., 6; and ester val., 22. It con ta ins a l a r g e quan t i ty 
of e s t r ago l . T h e s e e d c o n t e n t of p r o t e i n is u p to 21.2 a n d a f a t ty oil u p to 11.4% on d r y 
w e i g h t bas is . T h e y g i v e p o s i t i v e tests for a lka lo id a n d t a n n i n s . 
Tage tes oil ob ta ined f r o m T. teniiijblia conta ined: a r o m a d e n d r e n e , 18.4; tagetone, 13.5; 
oc imene , 11.0; p h e n y l e t h y l a lcohol , 9.1; ± - t e rpeneo l , 8.8.; e u d e s m o l , 3.6; l i m o n e n e , 2.7; a n d 
' - p h e n y l e t h y l m e t h y l e the r , 2.1%; a n d an u n i d e n t i f i e d p h e n o l . T h e f l o w e r s c o n t a i n a b o u t 
0.45% h e l e n i e n . 
P r o s p e c t s — M a r i g o l d s (Tngeh'S spp . ) a re e c o n o m i c a l l y i m p o r t a n t c r o p s for their 
o r n a m e n t a l a n d m e d i c i n a l va lues . Recent d i s cove ry of its a n t i n e m i c po t en t i a l h a s m a d e it a 
p r o m i s i n g c a n d i d a t e fo r b i o c o n t r o l of p l a n t pa ras i t i c n e m a t o d e s . It m a y be i n c l u d e d in 
d i f f e ren t c r o p p i n g sys t ems . T h e w a s t e c rop r e s idues a re u se fu l as o r g a n i c soil a m e n d m e n t s . 
It cou ld a lso be exp lo i t ed for d e v e l o p i n g b i o - d e g r a d a b l e n e m a t i c i d e s . 
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water hyacinth « & noxious weed 
Mansoor A. s t id iqu l 
Department of Botany, A.M.(J., AHgarti-?0?002 
Water hyacinth (Elchhoroea crass ipes (Marts) Solmns) of the 
family Pontedarlacoae I3 generally regarded as noxious weed. Out . 
f • 
of 10 widely distr ibuted dangerous weeds in India, i t i s worst. 
The weed, a native of South .America, was introduced in India from 
Brazil in 1895. Now i t has spread t:nroughout the count ry . ' ' 
I t g r e a t l y h i n l e r s a g r i c u l t u r e p a r t i c u l a r l y r i c e c u l t i v a t i o n 
In low ly ing a reas^» Besides pisciculturep water t r anspor t e t c . " a r e 
also a f f e c t e d adversely. In Bengal s t a t e alone 1P000 ha of land , 
Is rendered u n f i t f o r fanning due to t h i s weed during suniner seaaon^ 
and the problem becomes more serious during the ra iny season. I t 
i s estimated t h a t i t causes about 10 m i l l i o n d o l l a r s l o s s per annuiv 
i n that s ta te alone, in 1974 tSie weed was repor ted to bt! causing 
concern In 98 out of ?A6 d i s t r i c t s surveyed in I nd ia . The weed has 
a tremendous capacity to grow and regenerate. I t can be doubled i t 
s e l f within one or one and a ha l f week. I t i s required to be 
removed per iod ica l ly from canals, drains and industr ial lagoons 
because the biodegradation of older and dead plants causes havoc. 
The brighter aspect of t h i s weed i s i t s capacity to absorb 
pol lutants and tox icants . I t can absorb minerals, nutrients, heavy 
metals and the harsaful organic substances from water i n berely 
?4 hrs (Wolverton & McDonald, 1978). I t can a l so be u t i l i z e d as 
al ternat ive treatiaent of industr ia l e f f l u e n t s ( s i g n i f i c a n t c leaning 
of e f f l u e n t s ) . I t has a lso been suggested that wastes of water 
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hyacinth might be used in producing biogas. The weed also produces 
insect growth inhibitory compounds (Janil e t a l . , 1984, 1988). The 
extract brought about resistance in plants and protect the nematode 
attack whan used as bare-root dip treatments* The s o i l application 
of l e a f and Hower gave sa t i s fac tory control of the nematode 
(Siddiqui & Alam 1989, 1990). The weed grown in f r f sh water contain 
high prote ins , minerals and can be u t i l i z ed as fodder of animals • 
For a country l ike India, burdened as i t i s by costis and anergy 
shortage, the water hyacinth, besides some l imitations may prove to 
be a boon. 
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